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1(54) Title: MUTANT PLASMINOGEN ACTIVATOR-INHIBITOR TYPE I (PAI-1) AND USES THEREOF 
(57) Abstract 

I Mutants of the human PAI-1 protein are described which are inhibitors of neutrophil elastase or are inhibitors of vitronectin (Vn)- 
tfependent cell migration. These mutants preferably comprise one or two amino acid substitutions in the reactive center loop of PAI-1, 
particularly at positions 33 1 and 346 of the mature protein. These mutants are notable in being resistant to inactivation by elastase, having 
high affinity for Vn, or both properties. These mutant proteins as pharmaceutical compositions are used to inhibit elastase in a subject, 
(thereby treating a number of disorders associated with elastase activity, most notably emphysema, ARDS, inflammatory lung injury and 
cystic fibrosis. Hie mutants which interact with Vn are used to inhibit cell migration in a subject, thereby treating diseases or conditions 
^associated with undesired cell migration and proliferation, particularly of smooth muscle cells. Such conditions include atheroscletpsis, 
post angioplasty restenosis, fibrosis associated with chronic inflammation or chemotherapy, tumor invasion and m eta st a s is and conditions in 
which angiogenesis is pathogenic. Also disclosed are peptides of such mutant proteins, mutant-specific antibodies, nucleic acid molecules, 
particularly DN A, encoding the mutant protein and host cells transformed by such nucleic acids. 
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MUTANT PLASMINOGEN ACTIVATOR-INHIBITOR TYPE 1 (PAI- 1 ) 

AND USES THEREOF 

BACKGROUND OF THE INVENTION 

5 Field of the InventiQf) 

The invention in the field of biochemistry and medicine relates to 
compositions comprising mutant proteins of plasminogen activator inhibitor-type 1 
(PAI- 1) which have the capacity to inhibit the enzyme elastase and to inhibit 
vitronectin (Vn)-dependent migration of cells. This invention also relates to uses 
10 of these proteins for the treatment of diseases and disorders associated with 

elastase activity or in which migration and migration-driven proliferation of cells 
have pathophysiologic consequences. 

Description of the Background Art 

1. PLASMINOGEN ACTIVATORS 

15 Plasminogen activators (PAs) are specific serine proteinases that activate 

the proenzyme plasminogen, by cleavage of a single Arg-Val peptide bond, to the 
enzyme plasmin (Saksela O t Biochim Biophys Acta (1 985) 823 :35-65). Two 
plasminogen activators are found in mammals, tissue-type PA (tPA) and urokinase- 
type PA (uP A) (Saksela Oe/a/M^ These 

—20 enzymes aretheught-to influence critically many-biologicaLprocesses, including. 

vascular fibrinolysis (B&hmatiffE, Thfomb Hatonost (>1£87) 1 0:227-265), 
' ' v - W#J|: - jl avulatidtf (Hslich-AJW ePal&w. Haseltine FP et a//.eds, Meiotic Inhibition: * . ? A . . 

' 03 Molecular Control of Miosis New York: Liss 1988;227-25S), inflammation ». , . 
;I^0?ollanen J et a/., Adv Cancer R& (1991) 57:273-328X tumor metastasis (Dano K 
i 25 et aLMck Cancer Res (1985) 44:139-266), angiogenesis (Moscatelli D. et al. % t 

^%%foctiyk BioptysAtia (1983) 948:67-85), and tissue remodeling (Saksela, tt/praj! 
| fe j j The regulation of P^s is a complex process' qpritrolled on many levels. The 



1 synthesis and release of PAs'are governed by various hormones, growth factors, ... 
, and cytokines (Saksela, siiprp\ Dano etal., supra). FqJJowirijj secretion, PA ■ 
3 0 activity can be regulated both positively and negatively \>y a number of specific^./ 
protein-protein interactions; * Activity can be enhanced-or concentrated by 
interactions with fibrin (Hpyiaertsjvi e/a/., JBiglghgin 0 982) 257:291 2-'29 19);. 
the uPA receptor (uPA&HEIlis v[« a/., Sem/n llircmb Hem'ost (1991) 17:194^ ... ~ 
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i0Oj; the tPA receptor (tPrnW^^^^f^ < 1990 > 265:290g - 
2^16), or the plasminogen' receptor (?\6w EF el WjWdfob Hae'most (1991) 

66:32-36)., 

,:/ >A activity can'be downregulated ty*P^' TA°irihibitors (PAIs) 
(Lawrence, D.A e&L In: Afo/ec^tfi^^ 

" Roberts, SR. a/., (Eds.), fa Del^wfcMVWc^ 25. pp. 517- 
5^3 (1995)): In addition! PA activity is de^nderit oh its iocatiorfbr 
^environment and may be difiere r nt in solution (>.£;fcirculating blood) as 
compared to a' solid-phase (e.g. ; bh a cell ; surfece or in the extrabelluiar matrix 
(ECNQ). The overall activity of the PA system is" determined by the interactions 
among these various elements and the balance between the opposing activities of 
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enzymes and inhibitors.. . 



VJ ~jf 



"I 



.The PAIs have become.recognized. as critical regulatprs ; pf the PA system. 
• .1. „The identification.?^ jn efficient inhibitor, of tP A inendotiieUal cells, (ECs) was 

15 ^fimreporjedm i983.gu^pffp^/ r ^,.^ W^*^ < 1983) 1. 

. 8p : 2956-2960),. Four kinetically relevant PAh are pr^ntiyjecognized: PAI type 

L(PA«), initially described p ^endothelial ^ 

referred to as placental PAJ; .PAI type ( 3 (?AI^) v a|s^^own as activated protein 
.. . _ r C.(ARC) mhibttor^p^eina5e ; W^^*^ neurite " 
.20, ... 1 .,prpmotingfa { Ctor. ..The present im^on^dtre^i^Ra^c^ £ PAI-I. c ,. 

<; .r i . . "2; OTttER SERINE PROTEINASES K ■ - %rJx -fii 
i » . >-.■'■ Elastase c is 'J ser ine proteinase released by activated neutfbpfiiis and 
"' - macrophages and : mohocytes. During mflimmko^'resitons^ are 
"" ' r 'activatedandrdeasVelastaseleadirigt^ In ' 

2 5 '" tiie lun£ elastase degrades" elastic tissues and leads to'emphysema'.' Elastase is 
" also a compounduig factor in cystic tresis (CF) and" ; inbotn adult ind infant acute 
- ''resl^ry dife : ^me (A^Sr 0a^l^alSo^»nplie1«^inTNF. 
- ; ' • mediated liuianinattoh (MaV&ueV l& ti, 'AmrtMViocHtm. 62:515-541 
-"-"•' (1993) and lWinfectioii ; (Bris^^^ 7:239-249 
30 (1995)). 
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" 0 r * i ^?l a {{P^^^FF 1 ^ ©^reactivity thai) plasminogen activators 

- n : ea^ofwhi^ 

The natural defense to elastase is a protein called al antitrypsin (ajAT) or 
prQtpij^i^^r^!?^^ patients who are deficient inxiiAT are prone to 
so ,erophysepria, e?p^^5jPQk9T,s. Fiurthennore, smqkinjg provokes jnflanunatipn. 
In such a 1 AT ; . de;ficien$:i^s % ^ j§ present (CRM*), but is funqtionally 
impaired.. Jn ^ditipn ; eyen in individuals with normal enzyme, smoking directly 
!P^'y a ^??o a, ^T'; TheTefQtpi ^imprpved inhibitor of elastase would be highly 
^* r $! e fo^the pi;ey^ntion of empljysejna in susceptible subjects or for reversal of 
^.pa&^hy^ to this another related diseases. 

*c ' -3r SERPINS - n ■ ^uco; ' % v 
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The major PAIs belong to the serine proteinase inhibitor (Serpln) gene 
1 su^rfamily which indliideVinarty pAttifSafe irihibitbre m blood as weU as other 
£ W protefns'wth urifelateil or unkhoWrt funbtiori^Uber ft el at ; Biochemistry (1989) 
15 I 28:89yi-89&); The sO^irtslh&e* a COlMdHlertiafy «ructure : and have evolved 
■ " from'i^WnbnlanS^drT ^d^iit^ ^b^iatd 'tn^hy "prbc^sMS ihclucitns coagulation, 
. . ... "tibrinitfys^ 

%eopf^ \ 
J ' ** * ' ' ' ~' ? Cffrirlnt 0 ^ dHSc-Vay c^yslillbgraphic 

20 studies of cf^thSe'lfiutul^'bti A^<nsviewed in'Huber er o/.v^sifpra). c An 

interesting feature of the'stil^turCbf a. modified fqnfi o(M AT, cleaved in its 
L :x F ^ ive ^9l er %ebern^nq £e/ <,J JMBiol (1984) 177:53 1-557), is that the 
u a ^/^ du |$ nonraHy.constitute.tte reactive center (Met-Ser 

1 is • ^3K^n<0> ^/pWd on opposite ends, of the molecule, separated by almost 70A. This 
2 ' 5 -,isj£6 is **!QW for ,PAI- 1 in Figure. 2 and can be compared to the active structure 
: i ; ^Vn ^ d * l 5 d ;* n ^OTf Jtelqration of a strained configuration 1 takes place upon 
'y 7 : • : c '" v ?£ e reactive-center jpepjtide.bpnd, ,rather .than.a major r^rrangement of 
, - the inWbitor ^tmcture. f In this niodel, the reactive center is part of an exposed 
Ipop,. also c^ed Jtb^strained loop. U#on, cleavage, Jhis loop moves or "snaps 
30 back," becoming one of several central strands in a major p sheet .structure. This 



<. * 
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transformation's ac^mp^ed^ presumably 
asaresuitoftherecoristitutiohofthe ' 
7 Synthetic peptides hdm'ologou^to the r&ctive-centef loops bT serpins, 

when added in trims, mcorporate intri their respective mb^ as a 

5" v central strand of the major p r sheefstru^ of 
> ? " the module like that observed after dk^ge^tfte Active center. This 

structuraf change courts' the 'serpVn'^oih^ri inhibitor to Vsubstrate for its target 
proteinase (Carrell RW e/'oZ, Nature (1991) f5*57&5*78; Bjorki e/ al.J Biol 
: n Chem(\992)267: 197^1982)^ ? ; ::r - — ' ;'-W v ~ 

10 •"*" SeipinsTact as siiicide inhibitors, reacting only once Svith their target 

proteinase to forma sodium dociecyi sliifefetSDS)-stabie comptex/' These 
complexes can dissociate to yield free active enzyme together with a cleaved 
C v. inhibitor similar tafthat seenln^he;al AT crystal structure (Carrell RW et ai, In: 

Barrett AJ, et al eds. , Proteinase Inhibitors. Amsterdam: Elsevier Science 

; ' * O V s * 1.: f . ?r:tf =>. . e * * A : 

15 — Publishers 1986:403-420) and modeled in Figures 1 and 2 for PAI-1 . 

,„..:. Serpins interact with their target proteinase by providing a "bair amino 

■j acid residue in the reactive center which is thought to mimic the normal substrate 

: . Jv: \= - r. "... v ' -ov* ty s " » ^ t»" ' : "V. :0m f> ':; 

of the enzyme and . to associate via its side=chain-atoms with the specificity crevice, 

i '.: ' r i.- J k <. " v ■ .i • i; r \:;-ci- : * * + 4 *j • 

' or SI site, of the enzyme (Huber a/., swp«r, Carrell etal supra\ Shubeita HE et 
. 20 -.- . .at, Pfcw <W^5:J W7^I83f!5;.YQik JD d a£, J^to! Q*m (1991) 
266:8495-8500; Sherman PM et aL.JBiol Ghent (1992) 267:7588-7595). The 
bait amino acid is designated the PI residue. The amino acids toward the N- 
terminal side of the scis^ile reactive-center bond are labeled in order P 1 , P2, P3, 
etc., and the amino acids on the carboxyl side are labeled PI', P2\ etc. (Carrell et 
25 al., 1986, supra). The amino acid residues in the reactive center loop of PA1-1 
(residues 332-35 1) are shown below labeled according to the foregoing naming 
convention. Also noted are the numerical positions in the full sequence of mature 
PAI-1: 

332 333 334 335 336 337 338 339340 341 342 343 344 345 346 347 348 349 350351 
30 P15 P14P13 P12 Pll P10 P9 P8 P7 P6 P5 P4 P3 P2 PI PV P2' P3'P4' P5' 
Gly Thr Val Ala Ser Ser Ser Thr Ala Val He Val Ser Ala Arg Met Ala Pro Glu 
Glu 
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r'i/r J**e ^WPjRffe^^F? 1 seppm^and.lheir target jproteinases^is thought to be 
covalently fo^ed.y^a&j^w .bppd.betyeen.thft acttive-sjte serine residue of the 

:x pro^WS w^.?fe?:9gS( Q^®™^ en 4 9^ the P:l forming an acyl-enzyme 

complex (^wre^ The 
5 , . | ■ association betw^ igbjbitot and prpteinase^ajso involves, felons other thanthe 
t -r?\ xesidue of jtte^rpin.wd pthe^than the catalytic, site <?f the, proteinase, based on 
.-the char^pterifa^jon of Jwpxewn)biiiant PA mu^uitsjn which six or; seven amino 
\ u acids ^yere deleted^fcora jhe^talytjc domains. ; These jputant P As were almost 
completely refractory to inhibition by PAIr 1 < suggesting ,that the residues distant 
10 . , from the active site are nevertheless critical for the interaction with P AJ- 1 

(Madison E^tjtMl., Nature (1.989) 33?;721-724,; A4anis.PS etaL, J Biol Chem 
(1951)266^8476-8482). ... , M .... > . .. , . ... „. ' 

; - ' c PLASMINOGEN' AGTIVATOR INHEBJT6R TYPE 1 fPAI-l) 

"if*Al-l (see Table 7 !) is considered brie' of the principal relators of the PA 
15 system, ft is a single chain glycbpf bteiri with a niblectiiar weight of 50kDa (Van 
Mourlk JA efai:,JBiol Chem(\9Z4j 2S#i49Xk-?fo2\ffik is the most efficient 
" inhibitor knownof the single- arid'iwl^ham fo'rins of tPA and of uPA (Table 1) 
* " ^^''(^ 1861523-533). PAI-1 also inhibits 



' ~~ plasmln and tr^sihXHekman CM et ^^Biochemistry (1988) 27:291 1-2918) and 
2 0 also inhibits thrombin arid acuVated protein C, though with much loWer efiBciency. 
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• Table T 



. ,.. - ^ndOrderRate- -r 

5 Other Names .. Sjnaries . ^ " ' • I^W^ 1 , — 
ligands 

Endothelial PAl ^ ' "■■*"•**• ' *0« \f JJ"""* 
PlateletPAIV:? ^g^WfcW 
Fast-acting PAI smooth muscle . sctPA . 4 5x10 Fibnn 

10 : 1 P-Migrating PAI " < LPS-activat^ CC APG - W * 0 

, endothelium/,^ Plasmm 6.6x 10 «... . 
In vitro : ' Trypsin 7.0 x10 $ 

• . > « ; many cells types 1 thrombin 10 -2 x 10 « 

,-. w -t - ... ■ - ■ - r ■•• ? ' — 

■ deviations; L PS, Upopolysaccharide: sctPA. single-chain tP A: tctPA two- 
chain tP A: : APC. activated protein C 1 
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, PAI-1- i&present in plasma at very low concentrations, ranging from 0 to 
60ng/ml (average of about 20ng/ml or.O.Si^Cp^P^, Blood (If 88) 
,71:220,225) and areported half-life of about.^.minptes^VaughanDErta/., 
, . Ore Res (1-990). 67: 128^1286). In a study cpmparing the. clearance of two 
. distinct tas.of.PA14 (active ^ 

, , biphasicalty-(ha!f%es::of 6 and. 25 minutes), whex^la^PAI- J was cleared with 
/f: .:-ah^f:UfeofonlyI^ 

.-. JPAI-1 is present in platelets and other fj^^flg^*^**' 

MS et «t, J Oto /m*tf (1991) 88:1346-1353; Krishnamurti.C etaL, Semirt 
Thromb Hemost (1992) I8:67 f 80). ,/* vivo, thejrimary extravascular source of 
,., s ... PAI-1 appears to ; be vascular smooth muscle cells (SMCs) (LoskutoffDJ, . ; . 
30 ■ At Fibrinofysisim)^ 197.206). During e^ 

conditions, ECs become a major site ofPAl-V synthesis (PykeC e/ a/., Gmcer^- 
• . ,^<19?1) 51:4067^071; &hne«ie«i>anJ fl-ak ProcMAcaA&i USA (1992) 
,, 89:.6?^002;,KeetonM e(^AmJP0hol(m) H2:59-70), ; , 

Plasma PAM is present as a cqmplex with .vitronectin (Vn) or S protein 

35. r ; t ffim&?}0*J&C& lmWWW& X) >: » *° 
, associated with Vn in *e.ECM in culture and .rnay be ^ 
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ci 

integrity of the cell substratum in vivo (Mimuro J el a/. f Blood (1987) 70:721-728; 

Mimuro J et aL % J Biol Cherish) 26475058^063)7 

, • / Thfrirajpf^ureo ef pJasri>a,PAUl is not, known but is likely to be vascular 

, SMCs, thought 6&i§rt6ution from the platelet pool cannot be excluded. PAI-1 

5 functions effiderilTy in solution and when bound to surfaces ("solid phase"), and it 

is likely that . PAI-1 regulates fibrinolysis in bpth environment^. 

" *■ * fey PAI-1 Protein Structure and Fiftiction (See Figures^) 

\ P AI r I; cDN A encodes^ protein .of 402 amino, acids that includes a typical 
* . ~ ' ■ 

secretiofi Signal sdqiiende (N$ei dl:] : supra\ Ginsburg et al, 1986, supra). Mature 

10 human PAI-} isgl?Ue^ from : cell culture is composed of two variants of 38 1 and 

~ - 379 amino acids4n^pproximately equal proportions. These two forms, likely 

arising from alternative cleavage of the secre$ipn signal sequence, provide pr6tems 

— - — with overlapping amino-terminal-sequences of5errAla-Val-Hi&Ks and Val-His- 
° r: m WPi^Prb (pbrtioh 6f SEQ^fD NO:2 &nd 3) (UweKce cftfc. 1989, stipra). 

°15 ' w w ThisiaftW&quen£fe^ > 

- l « * - iJ TAS-il$ r 1^^ t^ee ; p6teritiaFN-linl^ed glycbsylation sites 
* ' " containing ^^tW^ti fStfnd 2G°/o carbdhydikier^Van Mourilc JAePtd.) supra). 

K r ' %a^WiPAl4 r coii^m fitf cysteine residues? fadlitatihg^flficiehtexpfession and 
tVri ~" lZ i&Iatioh of re^biSifiant Pft> 1 ffom £ c6li: PAI^l producfed iniE to//, although 
2 b " ' ' " nonglyco^^k^iS ftnctioftaliy very similar to native PAJ-1 ? R&oinbinant PAI- 1 
* ' * r " can^ isolated : fiPStti : £l ^i>2i*in : an inh^rentl^active form (seei^elowX.^rhich 

,c ^jjj^j^^'^^^^l. i p^rifi(&- fiom nuAnnialian- cell cultUre'CL^WFence er 1989, 
japra; H^nan^! 1988, ii^ra); 1 - * l ' * 
. ^ Active alnfl Latent Conformation - : ? 1 
25 - PM-I exists in : an adtive form ascitis produced by^ cells arid Secreted into 
* the cbltiire medltiift and an inactive or latent form thai accumulate in the culture 
' v ' mediiimover time (rfefeMri^e/aA J Biol'Ch^'KlWsy 260:U5SU\ 1587; 
LevirifiGeir a/, Blood (1987)70:1090-1098). The active form spontaneously 
converts to the fatent form With a half-life" of aboift 1 h at 37°iC (Lawrence et al , 
30 supra\ Hekniah et aL;'supra\L*™te(xet o/,M987, suprdf/ 

The latent form cart b6 converted iritd the active form*by- treatment with 
denaturants, negatively cliirgfe J d {)h'&phdBpids or Vn (Lambers e/ al y supra, 
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: '' ' Hekman e* a/, supra; Wun ^irM^V^^':^^). Latent 
PAI-l infused into rabbits became re^ivaWVw^b^ to unknown mechanism. 
The reversible im^nv^ontoWeeiMa3o^ and latent structures, presumably 
due to a conformational change, is a unique feature of PAI-1 as compared to other 
5 serpins. The latent form appears toibe mo?e eifergeuckiiy favored. 
' 1 The thrW-dimensionai'structure ofthe iatentTorm ofPAI-l has been 

"solved.. In this structure the entire N'^ermmaT side of trie reactive center loop is 
" inserted^ the central strkfid into B sheef'A^gr^btto^en et at., supra) which 
explains the increased stability (Lawrencefb:A. : <?/ a/.; BiocMmistry 33:3643-3648 
10 ' (1994)) as well as thejack W inhibitory activity'. The structure of active PAI-1 is 
still unknown. It has' been proposed that the reactive center in active PAI-1 is 
exposed as a sutfaceloop', in contrast to hs position m the latent structure (Fig. 1). 
~ ' " (c)" T>V R^^^e^'Lofto (RCL) " 

c- : ^^aJr^jori'ofpAi.i has been the subjett of 'extensive'thutational 

15 1 "analysis which 'demonstrated the importance of th£ Pi bait residue in inhibitor 
° ' function; wher^the'^rfoun^ Random 
; " mutagenesis ofthe ?i, P2, and PI rc&dues amid thePl and PI' residues, 
'* ' respectively cleariy demoi&iuted that either 4rgininVor lysine at P I is essential for 
? PAI-i to fimction as an effecuvVihhibHor of uPA(York et al>, 1991; supra, 
' 20 ' ' Shermane/fl/.; \99% supraf R'e^dues surroundmgPrc^ 
v " ^rihiijitor activity by 

specificity. The PI' she is surprisingly tolerant of amino acid substitutions with the 
"exception of proline which caused arhwsVtotal loss of fiinttion. When an 18 amino 
"acid segment of PAI-'l encompassing most ofthe RCL wis rcpiaced ; with the same 
25 ' ' • region from PXl-2, antithrombin HI, or a serpin consensus sequence, most ofthe 
" ' requirements for PAI-1 specificity (apart from the PI residue), were'found to lie 
'" ' * " outside the RCL sequence. All three chimeras remained efficient inhibitors oftPA 
and uPX, and the ahtithrbmbm III chimera was not a significantly improved 
inhibitor of thrombin. Furthermore, the specific sequence ofthe RCL, the region 
30 inserted into p sheet A in the latent PAl-l structure (Fig.l. see above), was not 
1 '*' critical for the conversion between trie active and latent coriformations of PAI-1. 
" kence, loop insertion depends more on the flexibility of B sheet A than on the 
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specific a^ijOj^cid residu^iathe loop r . Finally, binding to Vn was not affected by 
^ these substitutions in the RCL, The P4' and P5' residues on the C-terminal side of 
; she reacaive-centgr fepnd h§ve also been replaced with only a small effect on PAJ- 1 

1?: Jd) inter^ctigns with Vitronectin (Vn) ? ^ . ^ 
, • q The f adhp$!^e gfypoprotein Viys a 72 kpa g!yc»j)rot©n present in plasma at 
micromojar ^n^ent^ions^and associated with many tissues. Like PAI-1, Vn can 
e?yst in jQpl.tip.ie ,a>nfprmaponal states. ( Vnis involved in a wide^variety of 
. pjiysiolo^al -responses, ^ncliiding cell adhesion, complement activation, 
thrombosis, and plasma. clearance of proteinase-inhibitor complexes (Tomasinu 
G p.R . e; : qAli?91) Pro^. //e/w<w/. 77iromA. 70, 269-305). 

PAI-1 in plasma or in the subcellular matrix .is stabilized by Vn. Vn-bound 
PAI-1 in solution is approximately twee as stable as unbpund PAI-1 . On ECM the 
half-life of PAI-1 can be >24 h (Mimuro et at, supra), Mosi of the PAI-1 found in 
platejlets apRears tp be latent, .although this point is controversial (Lang IM e/at, 
Blood (.15.92150:2269.-2274). Platelets contain Vn (Preissner KT ef al.. Blood 
, (1989) 74:19??^ 99(5). which could acUp reactivate latent platelet PAI-1 (Wun tr/ 

m«l\ ^^IS^l^^.^ r '^M of platelet-rich 
^ombi.to|lypmbo}7sis q^ay fi^ r (J994) 84:351-356). Consistent 

witl|.this Vi anti r PAI-Jl antibodies enhance clot lysis when contacted with platelet- 
jj^i^rojmjbi /w vitro (UviM eted.. Circulation (1992) 85:305-312; Braaten JV et 
. o/„ Blood (1993) 81:12901299). . 

r Vn is thought to localize. PAI-1 to the ECM where it regulates local 
x , protpolj^tic ac^vity (Mijnurq e/ at. 1987, wj>ra). Vi^ws concerning the interaction 
n Q^f AI-1 with Vn are controversial probably due to the,conformational variability 
.^pf j>oth proteins, c The controversy is directed to, both the nature and affinity of 
bindipg.of the$<? two molecules (Sigurdardottir Q et qt, Biochim Biophys Acta 
. (.1990) 1 Q3 5 :56-6 1 ; Kost C et al. , J Biol. Chem ( 1 992) 267:12098-12105; Seiffert 
D etai, Biochim Biophys Acta (1991) 1078:23-30; Salonen E-M ft aL, J Biol 
CAe^(1989) 264;6339-6343), Controversy; a{so surrounds the Vn binding site for 
.PAI-1 , which has-been localized to the swjnatomedin B domfdn at the N-terminus 
CS^ififerj D et at, J Biol Chem (1991) 266:2824-2830) and to the C terminus of Vn 
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between residue 3^8 and 370^ 'eYaL, luptaf &me of these conflicts may be 
*'* ; explained by differences in affinity of bm^gbf t& atfive vsT latent form of PAI-1 

" ' with Vn andVor by differences in the relative aoundanfce 6fPAl-l conformers in 

/ . ■"■ •. . v . "-u /< a'! J- . :.S-<. • 

various PAI-1 preparations. 

5 " : " ' Recent shides'ofthc ser^'mechiM^ of yto)ion fiiificate that it follows 
' a multi-step* praess that requires'an exposed^CL (Shofe;J.D: et aL, (1994) J. 
Biol. Chem. 270, 5395-5398; dmre&^^^}{f^)JBM Chem. 270, 
23309-25*312; Fa?M. etk;(\mBidcM W:13833-13840; Wilczynska, M. et 
al., (1 995)7" Biol Ctini: 270:29651-29055). Upon association with a target 
10 : proteinase the serpin RCL is cleaved at its P,-P r bond and this is followed by a 
' " rapid insertion of the RCL mto p-lheel A yielding the stable serpin-proteinase 

" L " complex As 
' : 'eplope on the edge 6f| p^sheet A'is sensitive fo'titis Wbrmatidnal change in 
' " p-sheet A, as welf as toamilar changes associated with conversion of PAI-1 to the 
" is"""' latent form or cleavage m the RCL by a rion^arget pWknaSe. This sensitivity may 
1 "' ' ' provide a way to ia^^'^pm^h/^i^i^^^^ sites of action. 

r '" v ' For example", vi b'^i^^o locali^>^-Hd M Efcftwhere h regulates local 
; "'ilf£^w^[C^^'^^f, In ! tbis ; sMiatioil ; it'may be beneficial to 
^ '• ^^^^c^o^;l^ve , FXl^^ld ^^W'-^ aWtor&ce an inactiye 
20 Cv Sigand i^ Ho^/^type-bf regula£on may 

'* 1 oc'w eflBcii on the le« o^amic ECM. fhWefo^to.pVeVent Vnfrom 

becoming saturated with inactive forms of inhibitor; a System may have evolved . 
that U ^sensitive to the conformational4tate ofPA14, which is closely linked to its 

; ,*»••*. ... ..J <k, * . • . -* 

activity state. 

25 to addition to s^iliangactive P*& VVn'ilters PAl-Tspecificity, 

" : converting'it to an" efficient inhibitor of thrombm (Ehruch eiai, supra; Keijer, J. et 
' k, 'BW(l'99i) 78:1254-l2ol ).* vfoowd Pjfcl has a 276:fold greater rate 
'" constant to^wwd Woinb^% d<)^ free piu-lVdependera'up'on the source of the 
" Vn! Although all forms ofVn can bind PAI-1, only' Vn isolated under 
30 " ' ^h^ioto'gfcal (ibn^tibra'isWtb stinuilate PAR to tanibft;t&ombin (Naski, M.C. 
: ' ei kj'M&em (i993y2*o8:i2i67- : l2372). "Vn also enhances the clearance of 
PAI-l-thrombin complexes by the low density lipoprotein receptor-related protein 
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i4 .. r -t (LRP) (^e^n^n s S. ^ v ^^/£fo£ 27/ : 8215 >:. PAM does not 

.. appear lo.f ^n|pb^e r ^ thrombin inhibition in plasma #w vivo, although 

, local concentrations of 1, may have significant effects. Vn also stimulates the 
inhibition of tPA by PAI-1, but to a much less dramatic extent (Keijer et al, supra\ 
5 E^lb^r& JM^e/a/^ JBiplChem (1991X266:7488-7493). Vn can partially restore 
the red^c^l inhibitory activity of PAI- 1 RCL mutants toward tP A. 
- v p fe) interactions with Thrombin . . 

; i * - ■ Qiven r t^at PM-Hs. express^ at sites ofinflammation Mid released from 

. . . , f . v pfctejet granules upon activation, it may under these f conditions be a relevant 

• 10 inhibitor of thrombin. While PAI-1 alone is a rather poor inhibitor of thrombin, 

: ■ • - >* o r£L;v_c .V .. v.; r.T-; : .. *v;o ; 

. , . r : P AI- 1 - Yd complexes have greatly augmented, ability to inhibit thrombin (Naski . et 
a/ f , supra). Vn is present in connective tissue extracellular matrices and released 
^om platelets upon their activation. Thtombin-PAI-1 complexes form on 
. endothelial cell ECM, which can be inhibited with antibodies to Vn (Ehrlich, H.J. 

. 15 e/a/. # (1991)J. CellBiol. 775^1773-1781). While these authors speculated that 

. - .---v. . .v v:; • >r r ..I ;,s s , i ; j ; t : ' , *f:s,v - ; 

. . j th^.thrombin:PAI^l interaction might promote PA activity by neutralizing PAI-1, 

.. .this interaction, may also mediate cellular clearance of thrombin. Such clearance 

' ; " - ■ 5l ! i-Of 0J ?r -.; n'v . 

. . ,\ t , " . ..would resemble.that of tPA and uP A whose, endqcytosis and degradation via 

/ . ./ x ^ ■ ~: ^jF 3 ' fpei^^ers^^f the LDL r?ceptpr^feii|ily are promoted after complex formation 

,,20 -with PAI-1 XNykjaer, A. etal.:(}992)J.Biol. Chem^267, 14543-14546 (Orth,K. 

. ..i : - - ^ t ei 01,^(19921 Proc. NaU/AcadScL USA 89 % 7422-7426; Stefansson, S. e/a/ M 
a',v- r - : , £19951 J ; Cell ScL 108: 2361-2369). <: . | 
4 . . ff) Clinical Significance of PAI- 1 and its Interactions 

Increased levels of circulating PAI-1 are associated with thrombotic 
25 : . v . disease, including myocardial infarction and deep vein thrombosis (Juhan- Vague I 
, / . et aL, Thromb Res (1984) 33:523-530; Hamsten A et aL, N Engl J Med'(1985) 
j( 313:1557-l563;.Wiman B e/ a/.,, J Lab. Clin Med (19Z5) 105:265-270; Paramo JA 
<?/a/. t BMJ (1985) 29.1:573-574; Nilsson M etal., BMJ (1985) 290:1453-1456; 
Aznar J etal^Br Head J (1988) 59:535-541; Angles-Cano E et al. 9 i Lab Clin 
3 0 . . Med ( 1 993) 12 1 ;646-653). Reduced postoperative fibrinolytic activity has been 
. correlated.with increased PAI- 1 ^vity irranediately following surgery (Kluft C 
,., ( aL y Scaid J Clin Lab Invest (1985) : 45:605-6 10), apparently mediated by a plasma 
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factor that stimulates PAI-1 production" and secretion froth vascularis (Kassis J 
etal.. Blood (1992) 80:1758-1764)'. Consistent 5 wtK : tn'ese' observations, the 
overproduction of PAI-1 in transgenic ntice'resultsin venous thrombosis primarily 
in the extremities'(Erickson LA el J:;i&e\i^(i)^46^n). In contrast, a 
prospective study found no correlation between PAI-1 levels arid vascular disease 
(Ridker PM et ^/./Circulation (fi$2) ti:Xni-\ni)^ ^ ' ~ 

Three cases of partial or complete PAI-1 deficiency hav6 been reported in 
humans and were associated with abnormal bleeding. In one case, normal P AI- 1 
antigen was detected, but PAI-1 activity was significantly reduced (Schleef RR et 
al % J Clin Invest 0989) 83: 1 747-1 7»£ whereas in another, both PAI-1 antigen 
and activity levels in plasma were markedly reduced with normal levels in platelets 
(Dieval J etaL % Blood (1991) 77:528-532). A complete deficiency of platelet and 
plasma PAI-1 in a 9-year^oid Aniish girl was associated with* a moderate bleeding 
disorder. The patient was homozygous for a 2 base pair insertion at the end of 
«on 4 of thc'PAI-1 ieneWv?P eiftfCN Engl Jlvted <19$2$' 327:1729-l%3) 
which results in a frameshift leading to a truncated P/lI-1 protein arid an unstable 
mRNA. the" deficiency is'mherited as ah autosomal recessive disorder. Although 
heterozygous parents and" siblings all had plasma PAl-i activity and antigen in the 
normal range, they "were consistently lower tnari homozygous normal family 
members. The lack of developmental and other abnormalities in this patient Was 
considered surprising. - : The correlation oCcomplete PAI- 1 deficiency with 
abnormal bleeding clearly demonstrates that importance of PAI-1 in the regulation 
of hembstasis... Given the young age of-the above patient; however,., an additional 
important in vivo role of PAI-1 in thecontrol.of ovulation or tumor metastasis 
cannot yet be excluded (Pollanen et ai , supra, Liu Y r X et aL , Eur, J Biochem 
(1991) 195:549-555). : . , -, : ,. >( - c .:: 

s . (g)- Clearance Receptors - . . „ 
,r . The LDL receptor-related protein (LRP ; ) is a cell surface receptor (family 
with: four members): which acts as a general, clearance receptor for a diverse set of 
Uganda, including proteinase inhibitorcomplexes. For .review,, see Strickland,. 
D.K. et al., FASEB J. 9:890-898 (1995)) Binding to LRP results in the uptake of 
PAI-1 -proteinase complexes into cells and destruction in the lysosomal 
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- cpmpa^ent,^ While JLRP is found on all pells, these receptors are present at 
. highej levels, in Hyer and on th^epitheUaJ lining of the lungs. 

, ^ Cell migra^g^ js a Ujghtly controjled process which depends on the 
5, coordination .of many factors. Migrating cells and cells with invasive phenotypes 
express high levels ,qf Prooesses such as angiogenesis and metastasis can be 
; . blocked by proteinase inhibitors. Inactiyation of the gene for uP A in mice prevents 

arterial stenosis due to nepintima formation following vascular trauma (Carmeliet, 
^ J>. a/. , Circulation 90: 1-144 ( 1 994)). During wound healing vascular cells 
10 exhibit an increase in the expression of the Vn receptor (VnR) integrin a v p3 (Liaw 
L e/.a/., C/r? Ae$ 77:665-72 (1995)). VnR permits cell motility on matrix proteins 
. jleposited at the woung. Sp$cifically v migration into the wound area is facilitated 
* M ; ... by Vn which is deposited at the site by activated platelets or derived from plasma. 

* . r Mifi^^S vascular cells also show elevated expression of uPA and its receptor 
-15 _ £ uPAIjl \yhicl> co-localize with the VnR at focal contacts. As previously understood y 
..in the art, the IJAs were thought to activate a generalized proteolytic cascade " 
, „ resulting in matrix destruction necessary for cellular migration and invasion. 
e „ However, results obtained by the present inventors and presented herein suggest a 
. 7 . , more subtle role for PAs in regulating the expression of cryptic cell attachment 
20 t sites.; . .... . 

vv.:sVi3?»: i .5 SUMMARY OF THE INVENTION .... 

. 8 - - — — ■ - *- &< 

- ' * The present invention provides rtwtahts and variants of wild^type human 

PAI-1 (WtPAI-l) that have improVed'properties in the inhibition -of serine 
proteinases, in particular elastase. THese miitant PAJ-1 rtiolecules are more 
25' - resistant to destruction by the proteinases to which they bind and therefore have 
improved therapeutic properties. 3 - A ■ 2 ! ) 

The nucleotide sequence (SEQ ID NO: 1 the complementary strand is SEQ 
ID NO: 1 0)) and amino acid seSqueh6e r (incIl!ding the signal sequence) (SEQ ID 
NO;2) of humain PAI-1 is shown in'Figiire 3 ^and.4A: «"The full mature protein 
30 sequence (SEQ ID NO:3) is shoWn in f Figures 4B. :j , . / • 
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Wpreserit invention is further air^^ to tffeus^ of PAI- l and mutants 
and variants thereof for the inhibition of d^stase activity 0 PAJ-1 and its mutants 
' are used to treat any of a number of diseases ^odated vRth elastase activity, 
' . ' including emphysema, CF and'ARDS. Mutants ofthis invention arralso used to 
5 inhibit Vn-dependent cdl attachment, migration and subsequent proliferation, 
which processes are associated ktiidiseaM rahguig'fro'm atherosclerosis and 
" ' restenosis to tumor growth arid metastasis and nedvisculairizatid'n. ' 

' Thusfthe present invention is directed to a Wutaht proteui of PAI-1 

protein, which wild-type sequence of which \i SEQ ED NO:3, which mutant 
10 inhibits neutrophif elastase or other etastase-Uke proteinases. Preferably the - 
inhibition is such' that no more than about one mole of the'rnutant protein are 
' required to inhibit 1' moltf of the elastase. -More preferably rib morer than about two 
'"' ""' ;; moles, four m'olesftenmoieVor' most preferably 100 'moles', of the mutant protein 
are required to inhibit 1 mole of the elastase. 
15 ' Also provided is S» l abfave ! mutant protein having at least one amino add 
:: suostitutibnin the seq'ueire from amino add position 343 to 350 of SEQ ID NO:3, 
" ,e more>refcrtb^'m pteofe 33'l-3'50f 'Preferred SufeStutioris are arposhion 343, 
position 346 of both." A" pref erf e^ substitutions afpdsitiori 346 is Ala, Val, Asp, 
' r ' Phe or Gly.' A preferred'substitu^on at position 343% WAsfctHy, Leu or lie. 
20 " ; In a preferred embodiment the mutan^proieiri hasrbb'th' ^substitution position 343 
'and 343 as above. : A&^prefer^'iiiiitotp^i^ dfaeVs'frcim'SEQID NO:3 by 
a single substitution of Val at position 346fa single substitution 1 of Ala at position 

' 343, or both. Also provided is a i^^V 0 ^ 1 ^^^ 1 '^^ 00 at 343 « 346 
or both, wherein theamino acid' substituting at position 343 : (a) "renders the 
25 mutant "protein distant to cleavage by elastase after ! positidn 343, and (b) has" side 
chains which do not iriterferewith'the binding of the mutant protdti to the elastase 
to form YmutantPAI-l:elastase complex. " 
'• ' : ' A mutant proteirias above may further ihdude betweeri one and four of the 
■ ' following additional amino acid' substitutions in* SEQ ID NO:3 which stabilize the 
3 0 protein: (a) His at position 1 50; (b) Thr at position 1 54; (c) L u at position 3 19; 

* 'and (d) Deat position 354. A preferred mutant mcludes all 'four of the above 
'" : ' additional substitutions. Additional stabilizing substitutions ihdude Leu at position 
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,91 an&Ile $tyo$\Qi\3J2, y Q mutants hayiqg additionally Arg at 

. , ..■ position^ 33 a^d/a^ 33 c 5 ^at.both 333 .and 335. An additional substitution in this 
. , region js QJy at33.1 ^ any rambination of the foregoing 

. y { ;f s^bstitutiq^ .m9y .1^^ y^ed.as a stabilized form, of the protein, in particular for use /// 

h ^ , s . In ^ptjier em^jment^t|ie present^ invention is directed to, a mutant 

protein of PAI-}. prgteip ($EQ ID NO:3) which is particularly useful for inhibiting 
/ , the jbindingpf PAI- 1JA Y\$W?h a? : muting is characterized as being resistant to . 
■ ■ i ■ • • ( ; n ip^cti vation .by* the foUQwin^^TO^dnases; elastase^ a plasminogen activator, 
10. ... pJasinjn, thrombin, pathepsin A. chymase, gelatinase A and B, stromelysin and a 
^c^lagej^e. 4 |>uch an inhibitory PAI 7 1 mutant protein preferably has high affinity 
^fc^ yn sgch t^ t^e biding of t|ie m^ 

decrease the affinity of binding of the mutant protein to Vn more than about 100- 

fold relative to the affinity of wtPAJ-1 to . Vn. , . . . 
; 15 • „' - t The above mutant protein preferably has at least one amino acid 
/j, t. f i su^stkutiqn iivthe fr^ment frpm^ino acid position, 343 tp^psitipn 350 of SEQ 
- r . . JDD NO:3, more preferably from 3^J to 350. One or more of the abovementioned 
r . / • , substitutions at positions 343 and 346 (as well as at 33 1 , ,33,3 and 33 5) are 

preferably included in this embodiment. The, mutant protein may haye between one 
^2j0,:. „^ and fjPUfvjjj^ in 

r:ol:-:>c-^ r^> WA^X «P osi H^ 354. ^ Vi , >v , — ; : ; 

:j f : . tfi • v ln. another epibodime 

, ! (SEQ ID NO:3) which has a higher affinity for Vn than does wtPAI-1 . 
; ; ,2S. . w . r - Shorter peptides which include at least the PAI-1 reactive center loop with 
tbe. amipo agid substitutions described above are also intended to be within the 
scope of this invention. Such peptides may be used a elastase inhibitors or cell 
, migration jnhibitors in vitro or in vivo, , As elastase inhibitors, such peptides (or full 

length mutant proteins) are usefiJ in methods of measuring or titrating elastase 

^ - *' — - - l ..*...**." **2. * "«f* . ''.-/j t /. . , v ..- * 

30 activity. . / ... 

♦ - - - - 1 - J r ^ c ; ; c \ . Mf: •; t ■; 

The present invention is also directed to a pharmaceutical composition 
, useful for. inhibiting elastase activity in a subject, comprising (a) a mutant protein 
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(or pe^fdii^&^K'i^iti a p^afmic^afy ucceptabte carrier or 
excipient. 

: V ~ Also'provideH is : a pharmacefiticil cUnpositio'n useful tor inhibiting Vn- 

dependent cell attachment, migration and^df i^^<MJ^u«d cell proliferation in 

a subject comprising (a) a'mutant PAI-1' protein al^eScnbed above and (b) a 

pharmaceutically acceptable carrier or ebccipient. . 

This invention is further directed to a method ; "for inhibiting elastase in a 

subject having a disease or condition associated witb r pathogenic elastase activity, 

comprising administering to the subject an effective amount of a pharmaceutical 

composition as above! The disease or condition is preferably one selected from the 

:' ■ ;i ■■ I ; , T ' . ? ' s > • 

group consisting of emphysema, acute respiratory distress syndrome, acute 

inflammatory lung injury, congenital alpha- 1 -antitrypsin deficiency, cystic fibrosis, 

atopic dermatitis, pancreatitis, periodontal disease,' arthritis and HIV infection. 

Also provided is amethod for inhibiting cell attachment, migration and/or 

migration-induced cell proliferation in a subject having a disease or condition 

'■' -j: r. v« - " ~J O t.< .i? ; \. • jk - 2 :L r- !• \ .a : \ . 
associated with undesired Vn-dependent cell attachment, migration and/or 

migration-inauced proliferation^ "comprising administering to the subject an 

effective^amount of (a) a pharmaceutical composition comprising wtPAI-1 protein 

and a pharmaceutically acceptable carrier or excipient; or (b) a pharmaceutical 

) ' ; , c*.c~-j. '.'* «.c / r %C ,: vr - 1" i C (>/ •: ;' 

composition comprising a mutant PAI-1 'protein' as described above. 

In tfie foregoing method, the inhibition is prefefaDiy'directed to smooth 

,i :.yv -,<'•.' >. rr'. > : /-.> r' 7 " : .-j:>::'.:r.L 
muscle celts: In the foregoing method, the disease or condition is preterably 

atherosclerosis, post-balloon angioplasty vascular restenosis, neointima formation 

following vascular trauma, vascular graft" restenosis, fibrosis associated with a 

chronic inflammatory condition, lung fibrdsis, chemotherapy-incluced fibrosis, 

wound healing with scarring and fibrosis, primary tumor growth, invasion or 

growth of a tumor metastasis, "psoriasis, deep venous thrombosis, or a disease or 

condition in which angiogeneas is pathogenic. 

' ." ". ; f. xj '*. v \ 'i\ j? *. .* ;, . ; -' ' " ; .v. ■ ' 

This invention is fuller directed to a nucleic acid molecule, preferably, 

DNA encoding a mutant PAI-1 protein or peptide as described above. The nucleic 
acid molecule is preferably a variant of SEQ ID NO:'for of a "coding portion- 
thereof. Also provided is a host cell transformed or transfected with a DNA 
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v ; ^le^le^ abgyf The invention 

includes methods for producing the mutant PAI-1 protein comprising culturing the 
i: ; ; ;ran5formediDr trajisfj^^^oat c^Hs.un^er conditions wherein the mutant PAI-1 
.^ prot^orpep^ ^ _ it 

5 . , fc . Alsoj provided j^an.^tibqdy, polyclonal or monoclonal, specific for an 

epitope of a mutant Pi^Jr^pXein as, described above, ^toch epitope is not present 
on v^^^ protein. . ; s; . v , . ^ ti 

..:^.s -..«-.■ j - jg^p pE§C^T10Nt)lF TEfe DRAWINGS 

, Figures 1 -2 are models (ribbon diagrams)of active P Al- 1 (Fig. 1 ) and RCL- 
10 cleaved (inactive) PAI-1 (Fig. 2). The PAI-1 main chain is shown in gray. Certain 

of the amino acid residues of the RCL are highlighted. Space filling ifiodels of the 

\ - ' • ' " V u^jC .-u v « ^O; ! ~LP r *~ r * 

amino acid side chains of PI (Arg 346), PT (Met 347) and P9 (Ser 338) are shown 

. in darker shades of gray. The approximate position of P16 (Ser 3 3 l )is indicated by 

r :• .ini;.;: m-j: . f'i" gr J t "t; ; .VI A's; , u jsl, ; vxr.e *.' 
. a small black diamond. 
'^n^:ttm r. _n:'Mr: ji * r. : : ^n^b-^ jV~ irsr/ub;; •■ci.r.vhn. • r»j 
15 % Figure 3 shqws the nucleotide sequence (SEQ ID NO: 1) encoding human 

PAI-1 plus 5' and 3' untranslated regions from a particular clone. Also shown is 

, , the amino acid sequence of full length human PAI-1 including the signal peptide. 

, Figures 4A-4B show the amino acid sequence of the PAI- I protein. SEQ 

ID NO:2.(Fig. 4A) includes the signal peptide whereas SEQ ID NO:3 (Fig, 4B) is 

2 0 the mature protein. Preferred residues for substitution to generate mutants are 

-indicated in Fig. 4 A as is the reactive center loop (RCL) region. 

Figure 5 is a graph showing the inhibftion of neutrophil or pancreatic 



... , elastase by.wtP.AI-1, al AT or PI Ala-PAI-1. The ordinate represents the residual 
enzymatic activity following 30 min. incubation with increasing concentrations of 

25 the inhibitor. 

^ ' r -i'.'- ^ a; h ' r ; . i .-i .his • iiv n 4 :\. 

Figure 6 shows the results of polyacrylamide gel electrophoresis (12.5% 

SDS-gels) of mixtures of elastase with wtP AM or PI Ala P Al- \ . tines 1 -3 : 

neutrophil elastase. Lanes 1 & 4: elastase alone. Lanes 2 & 5: elastase + wtPAI-1. 

Lanes 3 &. 6: elastase + PI Ala PAI- 1 . the gels were stained with Coomassie 

3 0 blue . Bands cap be seen representing the elastase enzyme, the inhibitor or the* 

enzyme-inhibitor complex.^ 
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Figure Vis a graph 'Sh^^d^of^PAPi PI Ala mutant on 

internalization of ,23 I-^ 

Figures 8 and 9 are a set of graphs showing endbcytosis (Fig. 8) and 
degradation (Fig. 9) by pre-type II pneumoc^esWa^veand activesite-inhibhed 
thrombin and'ef&cts ofPAI-1 antibodies? :, «Whrorrfiin:PPACK ( ,25 l-Th:PP*CK) 
Md active^i-thrombin (^hhj^W^^^^^^ are tne 
effects of rabbit anti-mouse PA1-1 lgG io^'m^mi) 5 or 1 normal rabbit lgG (Control 
' IgG, ojmg/ml) on active "n^hronibuV:' Results ^fepf^nt : 3 e^riments each 
performed in'duplicate. 'Each plotted"vaiue represents trie average of duplicate 
determinations with the range indicated by bars. 

" ' Figures 10 and 1 1 are a set of graphs comparirig'the ifievel of e'ndocytosis 
(Rgil 0) and degradation (Fig. i I) of ,2J I-ihr6mbiri m complex with ierpins. Pre- 
type II pneumocyte ills were mcvioated With" 1J5 l-Arb* in complex with the 
synthetic inhibitor Phe-Pro-Arg-chloromethyl ketone ( ,M l-Th:PPACi<i), HCII ( m I- 
V Th^CA), ATffiH-Th:ATlII), ajl ( ,a i-Th:^PI)each ! at : 16nM. The results 
' ' represenu'expen^ value represents the average of duplicate 

determinations with the range indicated by bars. 

' Figufes fi and ft are a set of graphs comparmg the" level of endocytosis 
^ig: 12) ; anddegr^ 
amagow^of^ 

' 3V '- 'Shh cultured pre-typell ''iom^M^jf^ ofRA¥'(fuM), affinity 
purified LRP-'l antibodies (antPlI^-f, lWpjfaft affinity purified OtP-2 
antibodies (aiiti-LRP-2, 1 to ug/mli a mixture ofae LPJM and 2 antibodies (anti- 
(LRP-1+2)), 300 ug/ml)'or antibody to a pep^^^d^^cmd^'tb' the cytoplasmic 
tail of LRP (anti-LRP-1 CD, i50>ig/ml). Specific eridocytosfs and degradation 
^ taermmed' by iiiubatiai ^$fo^n^<pfa&mi*tk& 
• HVombmJPAI-l. The results ire representative of 2 experimeks. Each plotted 

" ' ' value represents'the avWage of duplicare ! deter^ationiwith the range indicated 
by bars. 

Figures 14 andtS are a sel tbf' graphs showing the binding of I- 
' "''throiririniPAI-l W^plw to"'LRP-r(Flg. 14) and 1^0% 15)'. The binding 
was measured in the presence of increasing concentration's of unlabeled 
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- thrombin:P AI- 1 , thrombin otP AI? 1 . The ouryes represent the best-fit of the data 

* "• • • --.i :o roe 75: :.r o'\e "cj. *j J 

to a single class of sites. The results represent 4 experiments each performed in 

duplicate. Each plotted value represents the average of duplicate determinations 

. - r i \ )fru >f.- ?rtt ■• ; it' • '* r. 

5 t f :: ' Rgures l^-l^^e ftset^of graphs shoving the eff^of^d-type PAI-l, or 
• t . a,mutant of P AI- 1 that is unable to bind V n, on the endocytosis and degradation of 
.^I-thrombin (Figures 16 and^S) or ,25 I-uPA (Figures 17 and 19). Pre-type II 

pneumocytp cells were incubated with either wild-type P AI- 1 ("wtPAI- 1 1 OnM) 

■n . ^ssTcv. ./ 'jt-i .:-o:n.r- " . 0: r ; c " 

.. . or mutant ?M-}X'^A1-V\ lOnM) that is unable to bind Vn. l25 I-ttirombin or 

* • - r - ' j . - y r.v ; ; .»q ^ • -j, v 

1 o I25 I-uP A ( 1 0 nM) incubated with cells in the presence or absence of RAP ( 1 fiM). 

" " >' ' .* • "ife": r:.;r .■ - ;0'- n ~ . • 

. ... Figure^ 16 and 17 show endocytosis while Figures 18 and 19 show degradation. 

_ q ■ . The results represent 4 experiments each performed in duplicate. Each plotted 

•' *•» . .r: * ; s g- ; *k .. i . f0 r 

, ♦ - r value represents the k average of duplicate determinations with the range indicated 

•• *" .0., Vr.. x ;,'r- : ,, .,i:6; • 

: 1 5> , . r * * . . Figures la anjj 21 are a ^et of g^plis ^hoy^ing endocytosis and degradation 

,^of i?I-thrpmbin.that has been pre-complexed to either wild-type PAI-l (Fig. 26) 

or mutant P AI- 1 (Fig. 2 1 Pre-type II pneumocyte cells were incubated with I- 

a^^^*^^ for 

designation of groups. Where indicated, RAP ( J nM) was added along with the 

■ : r -jjjOy ^. .^oipp/^^ E^o^osis ^ of 1^*1- complexes are shown. 

? nr * *i Jlje resuUs represent 2 experiments. Each plotted value represents the average of 
r c duplicate determinations with tl)e fange indicated by bars. 
: t . , . ; ^ Figures 22-25 are a set of graphs showing the effect of native or 
^^Hsiqrv'j ^°^^ at * Q ^yf^ e f^ ^ n ? n ^ e endocytosis and degradation of 1-thrombin 
25,,,,^ jCFiguroj 2^ ape} 24),or ^I-uPA (Figures 23 and 25).in the presence of wtPAI-L 
0 : .. Pre-typpJI pne^mocytes .were incubated with either native Vn ("nVn", 50 nM) or 
confomjationglly altered. Vn (denatured="dVn w , 50 nM). After washing the cells 
were incubat^J with wild-type PAI- 1 ( 1 OnM) followed by addition of either ,25 I- 
thrombin (lOnM) or ,25 I-uPA (10 nM). Figures 22 and 23 show endocytosis while 
3 0 Figures 24 and 25 ^how degradation. The results represent 3 experiments. Each 
plotted value represents the average of duplicate determinations with the range 
indicated by bars. 
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Figure 26 is a graph sBWuig bihdihg 6f^m^acdve dr latent 
wtPAI-1 to microtiter plates coated with purified I native : (nVn) or u'rea- 
'denatured(dVn) Vn. Bound P AW w* detkeo with affinity purified, 
"biotinylated, r^Ukti-PAl-'i antibodies a^slre^vld^ wnjupted to alkaline 
phosphatase Data points represent t& avenge of ai ie^ four separate 
determinations for each sample ± S.E.M. * 

Figure 2f&" a gr^ n"show&« tee additional^ of PAI-1 

to nVn coated microtiter plates. These forms include PAM 'm\ stable' complex 
with either uPA or tPA, clel^d pAf-lW is'uncomplexed but has a reconstituted 
Meet aT and PAM aniealea to a Vteetic RC^ep^deiMich has an intact i 
RCL that'is not 'inserted Into Mheet AlwWarec^tuied sheet* due to 
Insertion of the synthetic peptide to form strand 4 of sheet A passman, J., et aL v 
1 [\^JBioLChem:2io, 27942-27947)/ The asky was peferm^ as in Figures 
26 with the same number of determinations. 

' ! • ' Hgure28^s'a'gfaplishowihg^ cov * , ? tt 
completes of wtPAI^sin ,'or no^ovalent PAl^-anhydrotrypsfn complexes 
nVn coaled mi'crotrter platei'Theas^ *f performed; as'in Figure 26, except 

'teat for aiiaiysisofte^ 
concentration) ofanhy^sin ■ 
fncubation ste^. Data points are as in Figure 26. " "' "* 
5 : figuie 29 & l a g^h x stew^buidfiig of re^binaht^ or' latent 

Ql23Kto: n Vn*oated microtiter 

plates. Assay and data points are as in Figure/26. .', , j - * .ar 

, Figure 30 is a graph showing the.pinding of ^iplabeled VnR to Vn and hs 
. competition by wtPAI-UandP^AI-l. mutants. The results represents three :£ 

experiments perfom^ in, duplicate.. ,-.•/' ...t : '." ' " 

figures 3 1 and 32 are a set-of graphs showing.the inhibition by.PAM and 
• . . the-Pl Alamutant of theDinding of VnR to Vn>(fig, 31)or fibronectin (Fig. 32) 
, , aniits reversal by uPA,- T^ 

.duplicate: • s t , ; > x 'r,.;r . " 2 « 

Figures 33 and 34 are a set of graphs showingtee inhibition by PAJ-1 and 
mutants thereof of smooth muscle cell adhesion to Vn (Fig. 33) and fibronectin 
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: (E>g- 34) and jtsjreyereal by uP A. The re^ult^ represents 4 experiments performed 
in duplicate.. 

. FigureJ5 shows a functional a$say for the binding of recombinant active 
jytfAI-1 to native or ureaTpurified Vn. The amount of active PAI-1 bound was 
5 determined functionally. Active wtPAI-1 binding to nVn (O); or uVn ( •). Data 
points represent the average of ,at least fopr separate determinations for each 
t r ^ sanrmle ±.the S.E.h^ and the.plots were generated with the GraFit program 

^;c;,v Sflffft Jri 2 rx::3 J: " is?,,, r/ \- :R r . 

n?- £ 2 - ^'S 1 * 1 ^ if ^JWS cpmpetitiy^ inhibition of PAJ- landing to immobilized 

10 r „ nVn by solution-phase Vn. The amount, of PAI-1 bound to nVn is plotted vs. the 

... ... , ...... . ' *r ** rf ~ • » , „ . 

concentrations of solution T phase native ox urea-purified Vn. PAI- 1 bound was 

c s. . * . i^; ?r. .. n f , c m V u - - xvj 03 

. determined by ELISA. Competition of PAI-1 binding by nVn (O); or by uVn (•). 

...va ■• ..I ..;. r ;,T w . .c 1 ' \ no; * ~-b: :? -q ^ .tsrii-; ■ ^ :^t. : 

. ^ Data points and generation of plots (fc>ur parameter logistic fit) were as described 
for Figure 35. 

15 Figure 37 shows binding of recombinant active or latent wtPAI-1 to native 

. w .3- VjJ (?Y n ) or "^"RUfHfed Vn (uVn)-coated microplates. The amount of PAI-1 

- bound was determined by ELISA. Open symbols show PAI-1 binding to nVn and 

— = 'nTPr^n / ?. - ri f ^ftlq ^n:' -v.n La: o:. .A' . 

. , . filled.symbols indicate PAI-1 binding to uVn. Active PAI-1 (O, •); Latent PAI-1 

! a(R» JP)- ° ata points and generation of plots were as for Figure 35. 
2 0 Figure 38 shows Jthe binding, 9f active P AI- 1 ^O), PAI-1 :tPA complex (A), 

, r . _.. ; PAI- l;uPA S$m$fi (□), f 1 .in pomp!ex f .with the syntheticRCL peptide (V), 

.vJ.roor PAI-1 cleaVfedcby'elait&e} ( 0 )?t.Q nVn. Assays we%pgifoan,edas in JBC 
Figure 3 . Data points and generation x>f ptets were as described fof Figure 37. 
r;i x>0 ' Figure 39 ? shows binding ofiactive wtPAI-1 (O), wtRAI-l -trypsin covalent 

2 5 complexes ^), or non-covalerif PAI- 1 -anhydtotryp&riNcomplexes (Q).to n Vn : 
coated microplates. The assay was perfonned as in Figure 38; except that for 
f ; ' analysis of the PAI-l*anH>drc/t?^sinlOTmplex find&ig to Vn; 1 mM (final 
- ' concentration) of anhydf otrypsiin wks itidkxddd'ih all wells during the' PAI-1 
5 u incubation step? "Data points represent' the ^ Sverage ^of at ? least four sieparate 
30 determinations for each sample ± the S.E.M and the plots for aetiVe -PAI-1 ± - - 
' anhydrbtrypfein were generated as* forFigufe 37. ' ^ " * 5 
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'• - Figured shows PAPl inhibition ^f^'Vl^'bmdJiigtoVri.sPlotof 
,23 I-VNR bound to Vn vs. the concentration of PAM added. wtPAl-I ( ), 
1 ' R346A-PA1- 1 (♦)■ and Q123K-P AI* I (6). - The dSta represent the average of 5 

: experiments performed in duplicate. ' ' 1 K • = ' 
5 ' ; " • Figure 4 1 shows inhibition of ^I-VNR binding to Vn by PAI-1 with or 

without uPA. ,25 I-VNRbound to Vn inthe presence of each competitor. The data 
'represent the 'average of 2 experiments both- performed 'm delicate. " 
' " ' ' ' Figurb 42A and 42B snow attachmenfand' rnigratibn of nibbii SMC on Vn. 
Fig. 42A shows the amount of cell attachment to Vn coated plates hvthe presence 
10 of each competitor 0 ^ig."42B shows the extent of cell migrition through Vn 
" r ~ c 1 boated Transwells in the presence" bfeach competitor. The terepre^ent the 
' - - : ' average of 5 v ex'perimehts (Fig. 42 A)' or-3 experiments (Fig: 42B) all performed in 
; duplicate. ! '-I- ! - '•- 

Figure 43 shows migration of rabbitSMC through Matrigel coated 
15 Transwells with or without Vnr The'exient of cell migration through Matrigel . 
tx ' r coated TransweBs ± Vn in the presence of keK competitor . ; The data represent the 
: " ' ave^age'of 3 experiments each perform^ in duplicate ; £ •* " c 
*. : '; ; : Figure 44 shows the effect of increasing -cohc^trati&ns'ofjrsimobilized Vn 
(Vn) on SMC migration. Vn in TBS was coated onto Transwells at the indicated 
2d 'conceritrations and incubated for 2 hours : at 3^G afteV which the wells were : ' 

' ' blocked using 3% BSA m TBS . ^SMC in serum free E>MEM media: were added to 
• ' " the top Transweil chambef and' allowed Emigrate for 8 hours:- Afte^which the 
' 1 ' cell migration was assessed (See Example VI). 3« f - '■ ' ' • 

' 'Figure 45 shows the effect of increasing concentrations of PAI-1 on SMC 
25 migration on Vn.'Vn was'coated onto Transwells asfin Figure 44. SMC in serum 
free DMEM media were added' tci the top Transweil chamber and allowed to attach 
' for 36 min before PAiVl Wadded to the cell layer: SMC were allowed to 
migrate for 8 hours after whidi the "migration was assessed as noted above. 

Figure 46 ShoWS ithat Vn in serum enhances SMC migration on Matrigel. 
30 ' TransweUs werecbated with : Matrigel (1:20 dilution in TBS) for 2 hours at 37°C 
after which the Transwells were washed and incubated with TBS, bovine serum or 
purified native Vn (0.2 mg/ml in TBS). Cells were allowed to attach for 30 min 
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* before P^-l^;^ly[)^vaSadded I (fourth bar).qiyfigration was assayed as noted 

1 abov *- ■ :rbc* MASlo wiirin oo sc.. i - t I o; ■* .f 

. Figure 4? show^/tfie effect; of an $GP peptide pn the attachment of SMC 

to native Vn. Native Vn (1 jig/ml in TBS) was coated onto 96 wgll plates in 
S incdbated,for2 hoUjs at /Sff^C,* after which, plates^were blp?lced. with 3% BS A in 
TBS. SMC were^dded^payeUs in ;the absence^or presence of the peptides 
GRGPSRiaPP |iM ; i^p^IE^ or.GRGESP 100 y^ip DM£M), or LM609 (0.5 
^ig/mtii^TBS)^ Cellswere.allowed to attach for 45 

miii befo?ecasgay was jterminat^. :;r . r - : _ r , : . - 

10 ... .: ffFigiire-48 shpws : the effect jqf PAI-1 and;RGD peptides onattachment of 
SMC and bpyine Mrtc epitheliakfBAE) cjsl|s > tq.^ative;Yn, Native Vn was coated 
v •. . _> as&boY^^SMQar)dBi^wreallpwed to 

the peptide GRGDSP (100 \M in DMEM) or PAI-1 (1 pM in PM|M)for 45 min 
h before prior to t^minationjof Jjje assay? y { t n i ■, r .,.,--{ 
15 -u V • ,vFigur€?§ ^A and^B show? the ^effectjOf RGp.peptid§5 f (f ig : r 49A) and , > 
. : .w. . ,-PAI-L (Fig. .49?) qn-alfcs^ Vn was 

coated as above at Ijfigfnd^ SMC ancy^A^vy^g .^o^ed-tp attach to the wells in 
: '*? >thspr$$enge^ for 45 min before 

besrA: sthe;a^y^teo^«e4 cc 2ST ;i : ,. v ..^ ; n/? no ^ , ( 
20:; v ? u , 7 ^Figure? SOA-^O^sljpjv^he effect of P AI- 1, ^sjrnyt^nts pn cytokine-incluced 
. r i uangi<>g^nesig A^giogenesis the chioken ch^iw^l^dC;membrane f (CAM) was ; jfe- 
jcii J : i stbnplatj^uqing.ta fac^pj (Broofcs, P.C etaL, J,994, Science, 

25*569-571). Figure 50A is a quantitative representation of angiogenesis in 
; . f • response to 2^M active PAI- 1 (thp stabilized 14-1B mutanfc) and 2jxM latent PAI-1 
25a r (the wild type sequence). Figure 50B shows. dpse dependentjnhibitipn of 

angiogenesis by active PAI-1 (the 1 4-1 B mutant), at 1, 0^1 and 0.01 jtM. Figure 
- ' SOC compares the angiogenesis inhibiting activity 2jiM "wt" PAW (the 1 4- 1 B 1 

mytant, wherein "wild-type",refers,to its activity, not its sequence) with two PAJ- 1 
. mutants^«ch haying one addrt^ which binds 

30 K Vn but is unable to inhibit uPA and Q123K which inhibits uPA but does not bind 
Vn 
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• * FigWe51'shbwsacompanwnoM^ 
neutrophil elastise(NEL) in cbmplex with- either P'AI-I 'or a 1 -proteinase inhibitor 
(a,pi).' The cellular' clearance of a PAl*f mufcnt abiend-inhibit neutrophil elastase) 
complexed to NEL (NEL.PAI-l j was comparea^to a-compiex of NEL with a,Pl 
" (NEL-a,Pl). Preformed^ complexes oT^NEL'pShM) with PAI-1 or al-PI 
were added to mouse embryo fibroblasts (MEF) culMres.- Degradation of the 
complexes were'assessed'as'desOTb^ 1996/ J. Bioi. Chem. 

1 277:85 15-8220). The degradation of 1<IEL-PAI- 1 is inhibited by adding the 
receptor associated protein (RAP. 1 >M)),<whi6h antagonizes the binding of all 
ligahds to the LDL-related proteih''(LRP>: : * NEE- degradation was'also inhibited by 
the lysosomal degradation inhibitor, chloroquine (150 uM), * s 
'' ; " Figure'52 cotaqjaries thfe mnibitioh of human NEL enzymatic activity by 
PAI-1 mutants and a,-proteinase inhibitor. NEL (2nM) : was incubated with 
' increasing ^ codcentratibns l of , "(i,P^ ,, ( © ), a PAI-i mutaht having two amino acid 
"subrtitutions from the wild type .-"V343A R346V" ( 0), the'14-lB mutant of 
PAI-1 addiuoniUy having two Wbsdtutiori s r --"V343A R346V 14MB" ( ■ ) and 
the 14-1B mutant of PAI-1 additionally having one substitution - r "R346A 14.1B" 
( □ ). Residual activity of the elastase W m^ured'by monitoring hydrolysis Of 
N-mem6xyWc^nyl-Al^AlalprO-Vai p-nitfoahilide l at'405nnv.'' 

. HFS^?™™" nT? JM PREHSMP EMB ODIMENTS 

One of the present inventors and colleagues previously used site directed 
mutagenesis and other methods td produce and characterize' a large number of 
mutations in the PAI-1 reactive center loop (RCL) (Sherman et a/ M ,1992, supra, 
Sherman el aL , 1995, supra). The present inventors have now made Or identified 
new mutants in the RCL : 6f PAI-1; which confer on PAI-1 new and useful 
properties, in particular (a) the" ability to interact with and inhibit elastase, an 
activity which is lacking in native PAR and (b) the ability to inhibit Vn-associated 
■'■ -cell migration: • These properties are-the basis for the new uses for these mutants 
• described below,' for ; which purposes wild type PAI-1 .("wtP AM'!). or other 
proteinase inhibitors are less well suited- or hofcuseful at all . ; v. ': , 
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y - :a : /ntej>r£Kittj provides npvd compositions in the form of 

. mutants of P^-.l J^J$rcaa^ particular, as 

, j ? • inhibitors of elastase. r-Second^iy to^eir inhihitjp^ of eUstase, these mutants 

promote the upteke^md.^ (o&the elastase-PAJ- 1 complexes) by 

5 ^DL^elat^ Rrgteij^ HeiKie^use .of these compositions . 

yi * eniuinces the £^oval ofe[gstgse frojnsites.of potential or actual iiyyry. The 
a ;> • ; disclosed mutants eife^y^y, neutralize elastase at ske$ of^inflammatiQn or injury, 
si.. >r. ; ! s \3fiW 8 !r.Pf the; pfe of diastase in empbys^fM, cystic fibrosis (CF) and in 
• acute rapiratpiyjdistress syndrome (AJU5S) in both adult ^d infant as well as in 
10 ., othCT conditions discussed below,- the present invention provides methods for 
treating these or any other diseases associated vyith pa^ogeni? activation of 
c j >elastas^>yhichmetho ( d comprises administering^jtfrer PAJ-1 or the PAI-1 mutants 
•i ■: fd^ribedjierdn/ a % : . . , ; ', -|; - 

o i i c <, ; T.rT^fa?5* io P al <&sses # mutan^PAl-1 jnpl^qules |u-e. contemplated within 
15 x>r *?he scopeof the presentjnventioij; ^mutants jyhich, inJ^bjt jieutfo^hil ejastase (of 

^ ; otlfer elapses) juid mvtwts ^ which^^bit.yn-depend^it ceH migration. Preferred 
; * - .i ' ^^utantsj}osses?Jboth the^ph^acteristic^. ; . • t , :j) ^ r s ; . >, t ?f .. 
o .;•,: /;• g in cMut 1 antSjwh^b^hil ? it Elffjtofle. , irf . ^ f !iL ^ r } 
A^efeired^^^ foiling 
20 characteristics: 

— W^^ef-fell fig«gt^or-ha^ng^between 1 and 14 or its?N- 

: ;r3su; slterainal taiirio acid tnincated; r; ^ . . ^ 

? : ?sd* * a «u (2) : - has an amino acid substitution at the -P J: .site, the Ff4 site or both, as 
t "«u -lurthendelineatedbdov^ : ; ;i<>: tf... ■ L fivt. ./j.. 

2&*.;- ; >o thai 1 (3) *\ inhibits neutrophil elastase with; a second ^rder rale constant of at 
least 10 5 vNf 'set' 1 with a:stoichiometry of at feast 2:^at physiologicaLsalt 
t concentrations and pH.in the colorimetrjc assay described below. 
£• v Elastase . inhibitory -activity te defined as follows; np/jriore tha^n about 100 

- moles of the inhibitor are required to inUbjtqVmole of the elastase. \ Preferably no 
30 . more than about 4 'moles, more preferably, no. more/than about 2 Rioles and most 
preferably about 1 mole of the: 'mutanft protein is/arerequired to inhibit 1 mole of 
elastase. 
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* ''Apreferr^substituribn^Plis'Ala'^ 

another substitutions; e.g„ MeKaiAT hasMet at this" position), or. Asp, is 
acceptable. The amino acid substftutions-desoribed herein are designated 
interchangeably as>r example, "P 1 ATaYwhich indicates the position in the PAI- 
f reactive center as being the PI site- or R346A V/Hichindicates Arg is replaced by 
Ala at position 346 of PAM. SEQ ID NOcB -'usihg'tHe single letter amino acid 

code.' * : ' ' ; " u M ^ : ' n " M < ■ 
V: • 5 As shown in the Examples, below, pancreatic eiastase is not inhibited by 
wtPAI-1, pancreatic'elastase but is inhibited by the PI Ala PAU1 mutant. 
According to the results shown in Figure 6," a complexis formed 'between PI .Ala 
•PAI-1 ahd diastase but riot between wtPAI-1 arid elastase. All of the wtPAI-1 is 
clea'ved'and thus inactivated by interacting with -elastase;. which.explains its lack of 

inhibitory\ction: rv r 1 /' • ' '' v iL " • 

Such inaciwdtion of PAI-1 by elastase was also shown by Lawrence, D.A. 
'efdl., J. Bid diem: 269:27657-27662/0 994): Infact, others have published 
that PAI-Yis not an [inhibitor ofelastase (Levin EG elf al/J Cell £/q/(1987) 
i65:254'3-2549).' ; Shubeita 'dk(wpmymudty tried to modify PAH to become 
an inhibitor of eiastase and failed. 1 :J ~ r£ L •°; - - " s:i:i r 
- ■ c '■ A r mutant which" included a repiacemenf of P4 Arg by AJa?in combination 
with'the wild type-Met at PI-* was described earlier by the. present inventors) and 
their colleagues (Sherman etaL; mXsuprdy InTigure 4 of that reference, it was 
•• shown that such a mutant lost the'abilhy toinJtibif uPArThls same mutant was 
: iateKound to' lack iiuiibitory r activity toward tPA and ^thrombin (Sherman et ai, 
1995, Supra, at Figures l and 2). It is important to ticte that these described 
mutants were different from the mutants of the present invention in that the PAI-1 
pro^^'coiyned'se^-adahidiial amino acids added to its N-terminus 
; Met.Thr^et-ile^ViAsn-Sef (SEQ ID NO:4) (Shfiifman 1992, supra, at 
"'• page 7590; column 2 jast paragraph). Furthermore; Shubeita H.E. et al. J.Biol. 
Chem. 1990, 2^5: 18379-85, triedto change the PI site in PAl-l to inhibit elastase 
by using the a, AT amino acid-sequence into PAW tut found no inhibition. : 
' The reasonthat ; theP i Alamutarit inhibits elastase but not tPA or uPA is 

• ' thought to be auction of the interaction with the specificity site (SI) of the 
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proteinase (thougtette;ilrv^ntors do notwish^to be bound by any particular 
V wech^istic:4nt©ipr^iQa)^ ^?,SJ/site of the proteinase is the primary 
• determinantiofajfe^rate, s^ifjdty> ;: pepending.on the size, and hydrophobicity of 
.the SI -site, it prtfersttO accQfnmpdate.qne type of aminoacid or another. tPA and 
- 5 • other P As prefer basic fiesidues «pi.(Arg orJLys). . Elas|ase prefers. small 

hydrophobic reside &ke AJa.and Val. Hence, by a judicious choice of amino acids 
in the reactive center of the PAI-1 mutant, it is possible to select a substitution or 
" * : combination of substitutions Jhafcoptimize interaction ^ifh the elastase S 1 site 
J . whife preventing inactiyation ofyhe inhibkorand thereby maximizing it inhibitory 
10 1 ! :k capacity and abilityrto; promote cl^ance of the ^lastase. , r)r )t 
••A t i; :q !LThe; substitution ; at the P4-£kt must be one whichxesults in > protein which 
b! \ i\ r.\ i S: not cleaved after the P# residueby ^astase^ ^ ^oftftlus^Jt .ULuseQ^Lto substitute for 
the Val at this position in the wtPAI-1. This resistance to mactiv^tion permits the 
( - mutant, to: successfully UWbitelastase/v Thus, a greferrpd amino acid substituent (a) 
15 ;! -Jjq is resistant tp cleavage by el^as^atthis site, i.e., do^s po^act as a, substrate 3ite 
[\* . .for elastase and (b) £t |he §^me finfie ^oes npt p^e^nt side phains ^tlich interfere 
:sr: r [ ^th thb interac^on a^biflding A Qf '?&k} Jq,slasfcase to form a complex such that 

elastase activity is inhibited and the ppmpljex is . effcjept|y ^l^afed^ .Stated 
' •£ ;o\.< ;* otheHvistf,ihe substituting*^^ acid [at >P4; should pre^nt a poor fit as a primary 
2 0* ^ • (substrate) stofor-e^^ <ither,subsite contacts which are ~, 

i v. ^s:^^ «. .. . ... j 

r * ? .uu:r ^ ,.Pfeferre$i ami^q;acids at P4 are-small, such as Ala.?nd Gly, though 
' l iv.; . n sonrijewhat larger ^residues such as Leu and lie are also, contemRlatsfl. The amino 
t^^rr^^radd may-be charged? such as Asp which. should make that, ,si te less amenable to 
25 " ; cleavage^by elastase. v " . ■> i rr, :r.\ zri'ib x-- 

-.unL .; "If theP4>§he i^a||)idtut^ larger number of 

~ possible substations at P J are expected jp. result-in a mplequle with the desired 
. .su v inhibitory pr<Jperties.i^The^ efficiency or^rate of mljibition (second order rate 
coristarrf) is e3cpecjed ; to -will;be highest with \^jat j. f 
30' r .i> r . Mutations which inhibit Cell Migration ; ; - : ; . , . 
I .. h - t : i . . A.pceferred iPAI- 1 .mutant for inhibition of ceU^gration is any one which 
rhas'Wghraffmity for Vn and thereby. allo>ys.t^:b)Qpk^de. of integrjn (Vn receptor) 
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attachment to Vn. ^PAI-H* this pro^. A s^ond characteristic of such a 
mutant is that it is resistant to '^activation ^ a pr<^nase, most preferably, 

eL^,plasmuiogen ^yato^V)^^^*^^^ Aytmt ' 
gelatinase A and B. stromelysin and coUa^enase ' Any mutant* which fulfill these 

criteria are intended. . . _ .. .. ? , k ,. 

; A mutant protein or^^.^ M ®^™ty 6 f f VnVdefined as one in 
which binding to the proteinase igprt do^not^e a ^ficant loss of affinity 
for Vn (due to conformation change of tfe I^protein or peptide). Loss of 
affinity for Vn is defined as ail increase b Kd of more (ton about 100 times the Kd 
"tf'ihe wtPAM. For example; where the Kd of wtf Al-t for'Vn is about TOnM in a 
conventional assay, a preferred" mutant will have Kd for Vn of about lOOnM or 
lower after binding the protease, more preferably a Kd of lOnM or lower. 

The property of resistance to inactivation cleavage by a proteinase upon 
binding to and inhibiting the proteinase is best achieved by a PAI-1 mutation in the 
RCL, preferably at the PI site. A preferred mutant is PI Ala. Alternatively, or 
additionally, a substitution at P4 which inhibits proteinase cleavage after the P4 site 
is also preferred, for example P4 Ala 

As stated above, a fragment of PAI-1 which has the requisite elastase- 
inhibiting or migration-inhibiting activity is within the scope of this invention. 
Such a fragment generally has most of the amino acids of full length PAI-1, and 
preferably does not have more than the 14 N-terminal amino acids cleaved. 
However, if it is later discovered that other fragments of PAI-1 maintain the 
requisite biochemical functions, then mutants of those fragments in accordance 
with the description above are within the scope of this invention. 

Also included is a mutant of a longer polypeptide which has the delineated 
properties of PAI-1 along with the particular characteristics of the mutants 
described herein! Thus, for example, the N-terminal 30 amino acids of PAI-1 have 
been replaced with the N-terminal 50 amino acids of al AT, resulting in a 
polypeptide that is longer by 20 amino acids than PAI-l but retains biochemical 
properties of PAI-1. Substitution mutants ofsuch a longer molecule of the type 
described above are also intended, provided that such mutants inhibit elastase or 
inhibit cell migration 
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In addition to the aforementioned amino acid substitutions which bestow 

' '..'-.rjzz f rir: " ' \ ,J :»- ,?/ c. 

on PAI-1 the desirable characteristics for utility in accordance with the present 

inyen,tion, additional amino acid substitutions are known which stabilize PAJ-l 

(Berkenpas, M. et a/., EMBO J. 7*2969-2977, 1995)). Preferred compositions 

5 will optionally include, in addition to substitutions at PI and P4 sites, four 

additional substitutions at positions 150, 154, 319 and 354 o?SEQ ED NO:3 as in 

- ^ - 'Si ' Tinif;* ri:-»vi ,; r,*:i .-v j • : "? j 

the mutant designated 14-lB-by Berkenpas et di % supra. These substitutions are 
r, • x ir ..r :> ior ?.*ivt *: -jr : r *■ '"a- 

N150H;K154T, Q319L, M354I. 
y.c.l i*M3&-*c h:- ; ...A* erj 20 s w. n. r, a . .< 

The list below summarizes (non-exclusively) preferred PAI-l mutants. The 

10 amino acid residues shown are at positions P4-P4' in the RCL (corresponding to 

residues 343 to 350 ofSEQ ID NO:3). 
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:} '"' "" £ ' ™* '346 "347 348 349 . 

wtPAI-1 "•' ? " ' : ' Vai-Ser^a^Arg-Met-'Ala-Pro- 

' Mutants :.- .■ ■ •? r.->Jibr so\ 

1. P-lAia (R346A) ~ -■ , ., , ^Ser^arAla-Met-Ala-Pro- 
GlU ... 
' 2. PlVal(R346V) " -' :3r Vaf-Ser^lfa-Val-Met-Ala-Pro- 

Glu : v , ■ j • ^j'jf. 1 r.^'.c- • : . ;«•.::. : /-.i 
10 3. : ..PlGly(R346G), ; .Val-Ser-Ma-G^Me^Ala-Pro- 
Glu 

4. :>lAsp(R3*5D) - ; - : - Wal-Ser%la-As£-Met.-Ala-Pr.o- 
; t Glu .;. , , .. - : . :rv' .. 

. 5 P4Ala(V343A) ' Ala-Ser-Ala-Arg-Met-Ala-Pro- 

15 • giu ,r ••*• ■ ■ '""•"'* - "" s: • '• ' ^ nr 

•x. ... - 6. • lP4Asp (V343D) * >i>: A5p-Ser- r Al,a?Arg-Me,): r Ala-Pro- 

7 . " ; p4ay(V343Gi '*'' " ^•^Ser-Ala-A^l-Met-Ala-Pro- 

Giu • ' v"" ...v..-.:-::.'-- i ■.: 

20:» : 8.,- P4LeuXy343L) , LD . ;bt r . ^^r^la-Afg-Met^-Ala-Pro- 
GlU 

'"' '" "' V " 9:' ' P4Be ; (V343I)' r;J : '- " ~~ r m-Ser-Aia-Arg-Mfet^Ala-Pro- 

. , 40.. mh^\yM(mi^^^.^^^i^:l^^"^' M " 

25 Glu 

11. P4AlaP 1 Ala (V343 A R3WA)' iAla^Ser-AlarMa ? Met^Ala-Prp- 
' 12 P4Alapi Asp 0^43a; W W^-Ser-Ala-A^-Met-Ala-Pro- 

cfu'; - : ' : ' r: ! - " :t 

• : 30' ' ,! 13. : R346AplusN150H,K154T^Q319L„M354I i 2?^ 

< 14. R346V plus N150H,K1MT,Q3 19L,M354I t, ..■ 

... . 15. : V343A,R346V plus N150H, K154T., Q319L. M354I fc 

' 16. V343AR346D plusN150H,K154f;Q319L,M354I " 
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. ' mw intend ed are 
one or more of the following two substitutions: T333R (Arg at residue 333 in 
: \ place, of Thr)» and" A3 3 5R (Arg at 3 3 5 in place ■of Ala) and, optionally, S331G (Gly 
at residue 33\mj)lace of Ser). 'The* im^ce'rf^ potions, in particular the 
333 position, is, described Jn Lawrence, PA. et 4 ; J- Biol. Chem. 
269:27657-27662 (1994), which is incorporated by reference in its entirety. 
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i ^ .- "j i~ 'Lr ^WJe present disclosure is directed primarily to human P Al- 1 , it is to 
be understood that homologies of PAI-1 from other species, and mutants thereof, 
j- ; that possessi^b^ cl^^c^stics disclosed above are intended within the scope of 
this invention. In particular, the PAI-1 protein (or DNA) from other, mammalian 
5 species may be used for the same purposes as human PAI-1 injthe treatment of 
; diseases or conditions nf fiuirfcns or in other mammalian species. ; 
:>v ; ^ noted #OYe,:Jhe present invention also includes. peptides which include 

at least that portion of the sequence which contains the substitution or 
" substitutions, anff which possess the requisite biochemical andbiolpgical activity 
10? -s :>such as elastase inhibition. cS^ch peptides may J>e produced uspg well-known 
synthetic methods for the synthesis of polypeptides of desired sequence on solid 
phase supports and their subsequent separation from the support.. Methods for 
6 -/solid ^hase-pBptfde^rfithesis are well-described in thelbllo.vyang references, hereby 
. : a incorporated by reference: Merrifield, B., J. Amer. Chem. Soc. 85 :i\ 49-2 154 
15 (1963); Merrifield, B., Science 252:341-347 (1986); Wade^ J.D. et o/. f 
'' :C -~ £ "Bi^^ 55:161 - 

- 3- -..i: ; A g 990); MjliGpn Report JNps. T 2 and 2a, MiUipor? r Cprppratioii, Bedford, MA, 
1987). For example, the more classical method, "tBoc method," oCthe more 
recent improved f T-mdc" techxfique majTbe used (^thertbrCE. ei al, J. Chem. ^ , ri4 

In addition to their uses as inhibitory agents, as disclosed for the protein 
mutantsTtKese peptidesare "alio used in labbratoiy 1 tests sucff as novel elastase 
titration assays. Thfe peptides ar$ also used toimrwn&e animals to make mutant- 
specific antibodies, W antigens ift'iihmunQa&ays*ta screien hyKridoma supernatants, 

25 or as solid phase inimunoiaidso^bents to purify mutaik-spdcific antibodies. 

.V. .J T^ . r Hvc!*' ■•{*■ P.. c. v 

Production of PAI-1 Mutants by Expression and Purification of 
! - ; ' d : :r R^mbihWirPA^l ih£ co/P <J^« • £ ^ £gj ;;(A 

The following methods are preferred" aiid do riotYepreserit the exclusive 
means for carrying out this invention: Techniques for Synthesizing oligo- 
3 0 nucleotides probes are well loiown in the art and disclosed % for example, Wu, 
R., et aL, Prog.'NucL Acid iezMolec/BtoL 2/:l0i -141 1 1 978) or Gait, ed., 
Oligonucleotide Synthesis (Current Edition)). Procedures for constructing and 
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expressing recombinant mdecules in aeco?Mcs wfth this indention, including 
: appropriate promoters and bttier'contrbl elenS^U' selection markers, ere., are 
disclosed by SambVook, 3: el ak'ln: MottctitiPCtohing: A Laboratory Manual, 
" Second Edition; Cold Spring Harb'br PressfCoid Spring Harbor; NY (1989); 
5 : Ausubet, T'M. et at Current ProtoeotfhMd&cutcir r Bi6logy,"\ r ol. 2, Wiley- 
w " ev * interscience^ New' YoYk, 1987; DWClonitigrA Practical Approach, vol. I & II 
- ! ' (D. Glover; ed.), Which references are fl hereih iricorpbfetea by reference. 

>• '* y Included m'this invention is the DNA' encoding the PAI-1 mutant, which is 
" ' ; preferably a cDNA having tfie appropriate nucleotide sequence substitutions to 
io' : "encode the muiant pVoteins as disposed herein." Such molecules are prepared using 
: conventional [ methods. Also' included herein are prbkatyotic or eukaryotic host 
• ! dells transformed ortransfected with a vector Comprisifig the above DNA 

molecule. Again, the method used for transferring the DNA" expressing the DNA 
■ ' v * and gVowing the hoist cells art well-known in the art r and : aescribed in the 
' 15 ' '"'references cited above. ' Euka^dtic"host :: ceus^re preferably "mammalian cells of an 
lV f - established ^^'al^g1»1n'^ ! ceUs or plant cells 'Ire - also 'contemplated. 

■y : ''A^p^priat^'v^rs s &Wvirt^, vector sequences, wntfol' sequences, such as 
- ? ' :i " promoters appropriate for thkspedes'of host eeUs, are conventional and well- 
" " : k^owWtd mose sidlied m thiart and' ate therefore not dfebeo iriparticular detail 
2(f " A heran" In audition to S&'bSA.'1i^a§^^Xll6' ahkense RNA molecules to 
' the mutant PAI-1 coding sequence are provided herein. Also included is an RNA 

molecuie encodirigthe PAI-1' mutant.' ' w •-"""•' •>!----• »> 
' s '" Site directed Mutagenesis' of PAI- 1 ' 

" : ; A'preferred methbd for producing PAi- l mukitsutiuzes a commercially 
2 5 available kit and was described by one of the present inventors and his colleagues 
in a reference which is hereby tocorporated' by reference in' its entirety (Lawrence, 
' b;A. erkli&i&^^''53:3M3-3o^riW' 
ri :r ^'- r Site-specific Vrsiie^^ 

variants thVo'ugh the use of speafic ougbnucleotide sequences that encode the . 
30 DNA sequence of the desired mutauon'pWa sufficient number of adjacent 
'-'"'•'• nucleotides, toprovide a primer'sequerice "of sufficient size and sequence 

' ajmplexity to' fon^^stabl'e' duplex on boi'sides of the deletion junction' being 
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traversed.. Typify. ^^omec^f about 2.Q .to^O,^ucleotjdes iji length is preferred, 
with ab^ut.S.tQ ,} 0. ffsjdyes ;PP.b,Pth sides. pfthejun^tion of the sequence being 
. ... ^$rpd. (% Tbe ( ^^jq^j^ mutagenesis is w$H. known in the art, as 

exeippjifi^^ etaL, PNA 2:1S3 (19S3), which is 

5 j, incorppratecj.he^ - 
. c techjrrique typic^y em^loy^a phage vector that .exists 4n both a single-stranded and 
... s double-stran<J$d fpnri., £ypjjca! vectors tjs?ful in$te-direoted. mutagenesis the M 1 3 
, p^ge^|^ng ; tf<a/., J^wtf Qky^kfnd Symposium on Mgcromolecuks and 
. .. v .{?f£P#W^^ These phage 

10 r ar? c^n^frdally r ?iyailab|p^d their use is ,weI|.Jkno,wp .ty tjjose skilled in the art. 
v .^yAkematiygly. pl^mid vectors that, cp^in a single-^r^ed phage origin of 
, :: repBcat|Qo (e,#, VetjfielgL, Meth ^y^L ffi>\0 9 $l)) misemployed to 
u sj^e-^e(ipNA., f , ^ ^ , ; crr , 

f . - j v to general, site-directed mutagenesis jji a^rdance herewith is performed 
15,^ j jb^r first obtaining £ sir^e : str^nde4^ctor tjpt jq^luLdps wiftiji its sequence a DNA 

a*.* ^^8^c d .!§5^ s^uenc^ v is 5? rf^e|, gener|lly synt^tically (e.#, 

k ,. Lt ;. ir . ; JW*^ r and is 

2J5" i n ,subjwt^.tp : I^A^^ sycjh as£. pglynjerase I Klenow 

V? -i£ i : ^^' e c^£ c 9!BP'^i^S[R4w«P °,^ e .muUtipn-^earlng, strand. Thus, a 
mutated sequence and the second ^trgtjid bears tl\e : .desired muta|ion. This 
heteroduplex vector is then used totnmsform appropriate ceills (such as JM101 
i u . 3r .^.. / .c^l$J and clppes are selected that include recombinant vectors bearing the mutated 
25 sequence arrangement 

.... , s After such a clone is selected, the mutated protein regio^ 

and placed in an appropriate vector for protein jirpduction, general)^ an expression 
vectorof the type.that may be employed for transformation of an appropriate host. 
For producing PAI-1 mutants, the. mutagenesis is most preferably 

30 performed using-the AlteredSites mutagenesis kit (now designated " Altered.Sites 
II^') following the manufacturers instructions (Promega). Briefly, PAI-1 cDNA, 
along with T7 prQmoter and terminator, regulatory ^sequences, is isolated as an 
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Xbal-EcoRV fragment from the P^rexprewron prasmid P ET3aPAI- 1 (Sherman 
elal 1992, supra), this 'fragment is iigated\^Psa^ai cutpSELECT-1* 
(Promega) (now designated "pALTER*"). that had been blunt-ended at the Pstl 
siteTcreating phagemid p"SELPAi-i. This construct is'tKen transformed into E. 

coli strain JM 109,. and single-stranded bHA'is proaOiced by 'infection with the 

..... " . i r . " i ->hr '.i.i: >.»;r. ■: 1) i:>-.> .» 

helper phage R408 (Promega). 

The following is a"iist of oHgo^eotides'used to generate the preferred 

■ \". r \ ;\. \i r - ■ jc t »n > o."6f^3 ; cr. ' * 

mutants at the P 1 and P4 sites of P AI- 1 . 

fcT .. ■ -i >• ;v \ ::?.f.-;'~ «ioc *T v 

. , PI Ala-.., 5',-GTCTgAC^CGCCATqGCjccqc t ., , , (SEQ ID NO:5) 
PI Val 5 ' -GTCTCAGCCGTCATGGCCCCC . _ . (SEQIDNO:6) 

P4Ala 5 ' -GCTGTCATAGCCTCAGCCCGC (SEQIDN0.7) 

: "' lj ' P4 Alai'Pl Val' §' -GCTGTCATAGCCTCAGCeGTCATGGCCCCC -' <SEQ ID NO:8) 

t. p4- Ala; PI Ala ; ■ 5 '• -gctgtcatagcctcaggcgccatggcgccc (SEQ ID NO:9) 
i .- A newer methods available for enhanced site-elimination mutagenesis 

■:■ ; which can;be applied, in ^preparation ; of the mutant PAI-1 proteins The new 
• ~ ■ Chameleon™ mutagenesis kit (Stratagene) may; be used to produce one or more 
~ - she-specific mutation in virtuallyany double>stranded-plasmid (containing a unique 
nonessential -restriction site), thus eliminating the need for subclpn|ng into M13- 
, • based vectors and single-strand.DNA rescue. (PapWArA^Mx^ e ^ w 7:38 " 
t 40(4994)). The Ch&neleoh™ kit appliesa modiScationiOf the unigue site- 2 

donation mutagenesis^ 200:81 
( 1992)). The improvedprotbcbl includes thetuse of: <1 ) : .more.target DNA and a 
new primer:template ratio; (2) native T7 DNA polymerase instead, of T4 DNA 
polymerase; (3) a new mtt/S<;eli linethat does not produce endonuclease A; and 
(4) highly competent XDmrfS and XL l-3lue*;> cells for transformaUon of mutated 
-plasmid DNA.- These'modifications increase the yield and quality, of mutated 
'plasnud DNA; resulting in consisteiitly r higher colony. numbers and mutagenesis 
efficiencies: 'The Chameleon™ mutagenesis kit has been used to introduce 
insertions, point mutations and deletions as large as 48 bp (Papworth et al, 
"Strategies 7:78-79 (1994)) and hasalso been used :.with three mutagenic ;. 
; oligonucleotides-to simultaneously generate tnipie; mutations. The kit includes 
competent cells" of the 'XLmtfS host strain bearing the ehdA .mutation which 
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removes an endonuclease that degrades miniprep DNA, improving the yield and 
. -quality of the.^uta^ed plasmid DNA and the reproducibility of the mutagenesis 
procedure. , ......... 

n The mutagenesis procedure involves simultaneously annealing two 

' ■ r 4 2! OTn^nc3 r -;KT "-! .1JP2: :e, t; 

5 oligonucleotide primers to the same strand of denatured double-stranded plasmid 
~-»r . v.*/: or; 2: A/w b-.. is: jr. ■ ru . 1 ir" ."v a ; 

DNA. One primer (the mutagenic primer) introduces a chosen mutation, and the 

second primer (the selection primer) alters the sequence of a unique restriction site 

in the plasmid in order to create a new restriction site. Extension of these primers 

with T7 polymerase and ligation of the resulting molecules with T4 ligase are 

' w '*J.p * "followed by restriction enzyme dige&ioti: AirjTplasmid molecules that renature 

r , r ^without inclusion pf the selection primer will be linearized, while those that form 

C • C C J ..with the selection primer ynl\ not. p The resulting ipixture is, transformed into the 

C I 7: ^ghiy Competent XLifiutS E. strain, which isrunable to perform mismatch 

/> jsww -Yepair The transfoWtied bacteria are grown overnight inliquid culture, and the 

* 15 : plasmid DNA Ss^ecdvefed and freatedtagainr. with; the restriction enzyme that 

v - ■"*« : digests plasrrtiids fc&rrtaiftihgthettri^ Plasmid? containing- the 

™ : hew rcisrifction site ancfcthe^chosen mutatioa^ 

' : ! / : ij^fthJS^NA int^highly competent E; QpJf^ch^Mi^^f^l^ in 70-91% of 
- i Z • vM; tfc'coloriies <^ mutated plasraids. - If a: second: round $f mutagenesis is 

20 j: - - L dwit^/a^switchprimCTEan bftused to "switchr from the new p/iigue restriction 
0": v&#bafck *o theriori^nal^^bther testricjion sit& atjthe sangqtime incorporating & 

A<C ^etoWhenmutaibn.^This proce&s makjB& it^ossible^to perform several rounds of 
A C! >•!*";• -mutation.. r^.TrJ-x- /-.<v .'" v \ /..| s:^:-.:- '^r.. 1 

dps :v . Mv :>ii5 Selectiorprimers made by Stratagene ^elcipt against restriction enzyme sites 
. - ift the totibioti&resistance genes.fqr ampicillin; ^hloi?mph«iicoi ai^d neomycin/ 
*vj • - >ktoaraydn: • (There are alsaprimefs available^ for. the Colp 1 origin of replication 
s - and the polylinker of both SK and KS versip^s jpf Ihe/pBluesprjpt* II phagemid.) 
The switch primers aUow?a-sepgnd rour^d hpf mutageiiesis. to recreate the original 
unique restrictionisjte.' :< Tc^ :t-;> ^-y^ii*:. T .v . 3 a::.. 
30 " .j-* Expression: Purification and Charaeterization-of PAI-1. Mutants s . 
.-u 1 : ; s ' A« novel T phagemid : yector:for effident;mut^genesis and protein expression 

i: r. has been designed by one of the present mvei^tors. and his colleagues. This 
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construcvp^ELPAI-i eliminate the need to isoWand subclone each new 
mutant into an expression plasmid. : the inclusion of T7 promoter and terminator 
sequences in the pSELPAI-'l constructs permits efficient PAI-l expression directly 
from tins vector using an E. coii strain •producing ^polymerase (Studier et aL , 
' 1990, Meth. Enzpnol. 7*5:60-89).* U^ng : tn& system,- sii^directed mutagenesis is 
generally achieved with greater than" 50 8 /o Vffibiency. ! 'ln addition, sequence analysis 
of greater than lOkb, from 8 indeperioent'clbnes.'has identified no other mutations, 
'indicating a very low rate 'of secondary nwtations'(<0.0][%): - 
• r ''•* Briefly cells of We E coii strain BL21 &E3) transformed with the 
pSELPAI-1 mutants are grown to 'an Often of 0:5, PAJ-1 production is induced by 
the addition of 1M isopropylthio- : p-D-ga]acroside;' and growth is continued at 
37°C for 2h. Cells are harvested and PAI-1 is purified as described Lawrence et 
' aL, 1989, supra; Sherman eVa/.~ 1992, siipra). Protein yields are approximately 
r l-5 mg/L of cell culture. Purity is assessed by SDS-PAfcE and staining by 
Coomassie blue. Inhibitory activity against both uPA (American Diagnostica) and 
tPA (Activase, GrraentecK) is meaiured m a'single step chromogenic assay as 
described '^mmW^l^dpru)^ compared to wtPAI-1 purified from 
E. coii cany^g~ the ex^re^ori' plasinid 'pET3aVAI" 1 (SMman et aL, 1992, supra). 
Inhibitory activity against elastase is tested as descnoedin Example I, below. 
Other activiues?enhane^^ or inhibition of cell migration are tested 

using mi^»6ds'1iesicrib§d in more detail m'te'Exa^fes.* ' 

"' All the mutantprb'teinshave specific activities similar' to wild type PA1- 1 , 
demohstra^rigapprbxmiat'efy 50 %'of me'calcuiated maximum theoretical specific 
activity (Uwrence W al. , 1989, supra). The chromatographic profiles of each 
mutant, from every step of the purification, are similar to'those of wtPAI-1. None 
of the mimmons signffi<^iy affect heparih'i)indmi: Each mutant binds Vn with 
" approximateiy'the same affinity as does wtPAI-1 . "~ 

CHEMICAL MODIFICATION Q F THE PROTEIN 

■ .: -.is r v: -.vn ~ T> ~ .v;;;'-* ~ " ~ 

A "chemical derivative" of PAI-1 contains additional chemical moieties not 
< ?i ,>. •' j" ■ . .t' •: ~ ' 

normally a part ofthe protein. Covalent modifications of the PAI-1 mutant proteins 

are included within the scope of this invention. Such modifications may be 

introduced into the molecule by reacting targeted amino acid residues with an 



.?.■£ ^;-orgpni^4t«M^^igj^e^|jtl^|t i^.capable of reacting with selected side chains or 
. terminal^i^u«, r ^Su9MerivatL|ed ijtc^jftie?. may improve the solubility, 

k ab^^tipi^&ipJpglj^l f life, and thejike. The moieties may alternatively 

.. ^ eliminate . of ^t^a^any iindesirabl^side effect of the^ protein and the like. 
5 Moieties^p^te, of mediating such effects are djsclosed, for example, in 
. t;: ^\Re^rtpoi^^b^^^^cal Sciences^ 16th ed M Mack Publishing Co., Easton, PA 
. 3-.*" r r. - . Q^y^X^BHH^ jnpdifiq^ions included herein will not substantially 

alter the ad^nta^epps p£op.erties->of Jhe P At- 1 mutant^ as described above, 
j . s.mri i/u^^ty! res^bies are jderivati^ed^by ruction with diethylprocarbonate at pH 
b'acjhr.i J-P L ^-5.5-7,0.becaqse^Ws agent i$ relatively specific /Tpr th$ hisjtidyl side chain. Para- 

£ /bro^pplxenac^I bromide^ so is »yseful;j:hcj reaction is preferably performed in 0. 1 
v: x n^odiupi Jf**^* pH 6.0 :l r> ,^ |s: , , ; 

/b ( r : v r / v -{ L y s py' P^g^emund resjdues^are reacted ^yith succinic or other 

. r ; . • u carboxylicacid anhydrides. Derivatization with these agents has the effect of 
fl : w 15, , n ..reversing the charge of the lysinyl residues. . Other suitable rgagents for derivatizing 

M r „. ^"^^^p 0 ?^ 3 ^ 1 ^ r^i4^? s ,i^' u d^ii™doesters such as^me^thyl 

■■■•V f -' h -\ l^yijdpx^ phQ?|>hate;^ trinitrobpnzenesulfonic acid; 

reagen^ v iunongthemphenylglyoxal,.2,3- butanedipne, l t 2-cyclohexanedione, and 
5 » . o . * . , i. - . ninhydrin. Derivatization of arginine residues requires that the reaction be 
:. 'v..^ v i ^ ff fF5[OTp^.ty*W pK* of the guanidine 

o » V ii(V r ^ nc M 0 ^ SfQup. Furthermore^these regents may react with the groups of lysine 
... • . f r . 2$ . - , as -well as the arginine epsilon-amino group. 

• -.^ ^ The specific modification of tyrosyl residues per se has been studied 
extensively, wkh particular interest ,in introducing spectral labels into tyrosyl 
residues by reartion with aromatic diazonium compounds or tetranitromethane. 
Most commonly, N-^^linlidiz6l"iifd tfelf^ffitrbmethane are used to form O-acetyl 
3 0 tyrosyl species and 3-nitro derivatives^ respectively. * 

"Carboxyfside groups (aspaityl or glutariiyl) are selectively modified by 
reaction with carbodiimides (R'-N-C-N-R ) such as l «cyclohexyl-3-(2- 
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morpKolinyl-^ 

carbodiimide. Furthermore, aspartyf ahd'glrtamyl residues are converted to 

asp'aragiriyl and giutaminyl residues^ reaction with ammonium ions. 
Glutarhinyr and aVparaginyl residues may be deamidated to the 

corresponding glutamyl andlspartyf residues.' * Alternatively, these residues are 

deamidated under mildly ' acidic conditions. Either form of these residues fells 

within the scope of this invention. 
""'* " Other modification? ih^ude' hydro 

phosphorylation of hydroxyi' groups* of seryl or threonyl residues, methylation of 
" " the a-aniino groups of lysine, argiiuhe. and histiame sidechains (T.E. Creighton, 

Proteins: Structure and Molecule Properties, W.H. Freeman & Co., San 
: ^Francisco] pp! 1'9-& (1983)j; acetylatio'n of the N-te'rminal amine, and, in some 

instances, amidation of the C-t«rminal carbbxyl groups." Commonly used cross- 
., i . Tiiikmg agents mcludeV. e.g.; i;i-bis(diazoacetyl)-2-phenylethane, glutaraldehyde, 

N-hydroxysuccinimide esters, for example, esters with JrazidosaTicylic acid, 
•: Kombbirarictio'na!^ esters such as 3,3'- 

•K : dimioDis(suceiro^ biwncBdnal maleimides such as bis-N- 

* <mdamdfr?ite&m. 'Benvati^Tigen£ su&'as'mfeth$M-[(p- 
i- ' i ^ 0 ph^pthi6lpW^binm£B yleW phb^o^w^re'intennediates that are 
: " capable ofTormihg crosslinks' mime presence oTHght-- Alternatively, reactive 

-water-iraoruble"^ carbohydrates and 

the [reactive substrtfes'de^ 

4;195,1 ! 28; 4 ; 247 ; 642; 4,229,537; and^,336;446 ar employed for protein 

• immobilization.- - * w-'^y.VM 

■i • • • Amdnfcthe dcared-cbemical mdaifiaMohs ii*h$ ladragbfthe mutant 
protein or peptide, with a-detectable labUthat permits its use in in vivo diagnostic 

• 'methods or in vitro detection 4 methods. A "diagnosticalry effective" amount of the 
•"protein is an amount of detectably labeled prbtein ; br peptide which, when 
i; «dinintsterei;K-8ufiDaehi to enabie detection of a site'protein binding or deposition 
'or clearance: Use of me proteiri't6de'tect, ; for example- thrombosis, fibrin 
deposition; atberosderotic>laque'or<ancer is intended." Generally, the dosage of 
deteclably labeled-mutant P AI-1 for diagnosis will vary depending on 



Li: 
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, consideration? suqh as age, wrfitjoij, $ex, ^nd extept of disease in the patient, 

contraindications, if any, and other variables, to be adjusted by the diagnostician. 

\z z . :rt t'sjlvs ztui rhesus . r. 

Dosage can vary from 0.Q lug/ta to 2mg/kg, preferably 0. 1 fig/kg to 1 mg/kg. The 
, . . , . term "diaj^ostic^r Ja^detf 1 means that the protein or peptide has attached to it a 
5 diagnostically detectable label There are many different labels and methods of 

labeling known in the art. Examples of the types of labels which can be used in the 
present invention include j radioactive isotopes, paranjagnetic isotopes, and 
compounds which can be imaged by positron enyssion tomography (PET). Those 

of ordinary skill in the art wilj know qf other suitable labels for binding to the 

•i c- ct;-!'."'^.-,] viv-v r'U!i :oDvii:o ' v.! ' • - 

10. proteins or peptides used in the invention, or will be able to ascertain such, using 

routine experiments. Furthermore, the binding of these labels to the protein is 

done using standard techniques such as cross-linking, coyalent attachment, non- 

jcovalent attachment, or complexiiig. 

. -Vfti /:;; .. ANTIBODIES SPECIFIC FOR; EPITOPES QE THE MUTANT 
? PROTEIN -«.- f ,i ; £ -x. .m.t ^r:rh:^* ~s.v >: . 11 
s ii>. '1 ' . :Xh?i)^sp?t invention. is als9 >L dir^ctedjtp.3Ln.>Mtibod^ specific for the mutant 
e.b. £AH pro$^u^e>antita^ 

} ■ >; proton SQt pjesent ^,^^1 p*ptein^Such antibodies are produced by 
jfilh mnvr^nyfntii^jiie^ such ^asj0impiuz^{)npfi^n anijpaljwith a mutant protein or a 
20 il;r. :$R?pti.de .thereof : w$ch cor^^cme^r more ammo add .substitution. Such peptides 
zc t i\-j i i: ^ayihe^chejpcadly ^thes^ using conventional methqids. Methods of 
d.f. , 7 ? ' \ dmmumz^n^^juvants, schedul^etp.; all knpwn.in the art. An antiserum 
Lv/c produced in tfyrsrway is tested by any^immunpchenMcal or serological assay for 
binding to the mutant protein as well as to fhe wt protein. Reactivity for the wt 
vpiptein can be removed : by immunpadsprp4on : o£the serum to immobilized wt 
;v • cl ;protein;Untirpnly reactivity to rputant ^itopesrempin., }r 

I :. ; T - ^erpativelyvft moppclonal antjbpdy .(mAb). is produced specific for 
>< , • - ■ epuopeis, of the mutant P AI- 1 by approprijate L^uniz^tipn, cell fusion, growth of 
r:L id hybri^Qma cells and testing and selection of the supernatant for the desired 
30, cfiT - specificity e Those hybridoma cell lines producing the desired mAb^are selected and 
t growp in large<quantities. : ^Selection is accomplished by.standard immunoassay, 
. . such as sn en^eimmunoassay (EI A^. ELjS A) ;of the cuhure fluids with the wt 
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protein and the mutant protein. Alternatively, peptides of the mutant protein 
including the amino acid substitution of substitutions may boused in the screening 
assay. A mAb of the invention is one which' reacts strongly with' "a mutant protein 
or peptide and has little or not detectable reactivity'wiih the wtP AI- 1 . 
5 The antibody of the invention may be" used to detect and quantitate the 

presence of the PAI-1 mutant protein in a 6iolo|?cal"saihple; such as a body fluid 
or tissue extract of a subject being treated Wie the proteirC* In this way, the 
treatment protocol can be monitored and levels of the mutant evaluated. 
Furthermore, the antibody can be used to isolate or purify the mutant protein from 



10 a mixture containing the wt protein. 

Several standard reference works setttngTdrth methods for making, testing 
and using the antibodies'descriBed above include: Hartlow, TE. St al\ Antibodies: A 
Laboratory Manual, Cold Spring, Harbor Laboratory Press, Cold Spring Harbor, 
NY, 1 988); Maggi'o, E. (ied.^ Emyme Immunoassay, CKC Preis£ Boca Raton, FL, 

15 1980; 'Bizollon* Ch (t^X Monoclonal Antibodies cuidNew Trench' in 

Immunoassays, Elsevier, New York, 1084.); These references are incorporated by 

. .o . .... yag'br ,j.;.„-V; /V£ tji ^.ri. \: ?r- ca, : 

reference in their entirety. 

THERAPEUTIC COMPOSITIONS AND METHODS . ^ 
The preferred animal subject of the present invention is a mammal. The 
20 invention is particularly useful in the treatment of human subjects. By the term 
,. r "treating" is intended the administering to subjects of a pharmaceutical 
composition confiprising a PAI- 1 mutant.protein of this invention for inhibiting 
elastase or inhibiting Vn-dependent cell migration and. subsequent, proliferation, 
which inhibition may prevent, ameliorate or cure any of a number of diseases 
25 .described herein. . . ; ■ -^ « 

The pharmac^iticaJ impositions of the present invention wherein a PAI-1 
mutant protein is combined with pharmaceutical!^ acceptable excipient or carrier, 
may be administeroji by any means that achieve their intended purpose. Amounts 
. ^ . and regimens for. the administration of can be determined readily by those with 
30 ,. ordinary skill in the clinical art of treating any of the particular diseases. Preferred 
amounts are described below. 
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Administration may be by parenteral, subcutaneous (sc), intravenous (iv), 
intramuscular, intraperitoneal, transdermal, topical or inhalation routes. 
Alternatively, or concurrently, administration may be by the oral route. The 
. dosage administered will be dependent upon the age, health, and weight of the 
5 recipient, kind of concurrent treatment, if any, frequency of treatment, and the 

nature of the effect desired. 

.21:1. z^zToiot m u:$r? e i / k**. vv :eiq 

^ Compqshions^Yathin the scope of this invention include all compositions 
wherein the mutant PAM, protein or. peptide is contained in an amount effective to 
achieve its intended purpose. t While individual needsvaiy, determination of 

10 optimal ranges of effective amounts of each component is within the skill of the 

r • . r. :;: iw r -6.lt. t: $ 0 

lg art... Typical dosages comprise 0.1 to lOOjm^g/body weight, though more 
preferred dosages are described for certain particular use^, below. 

. ' - , . As stated above, in addition to the pharmacologically active. protein, the 

-•r.*..:f / .x.'!oa^^ . * r. i ,.pnv:; K' : :i' ,^.v\ 

. 3 ■ 3 ^^.R!}.^ 1 ?^^ 0 ^?^ preparations may c^ntain^ujtable^ pharmaceutical^ acceptable 

15 carries comprising recipients and auxiliaries, whipji facijitate^processing of the w 
active compounds into preparations which can be used pharmaceutical^ as is well 
known in the art. Suitable solutions for administration by injection or orally, may 
contain from about 0.01 to 99 percent, active compound(s) together with the 
excipienf. ' ~" 

" 20 : !m ' : **;'' ' Inciiil^^nWI '^pefelttu^inv^jon kreMtsbf tfte PAI-1 protein or 

peptide; The term salts^ refers to both salts of carboxyl groups and to acid ;*v 

' ^^ditio'n Wfs^oiPa^b groups ohhe protein or peptide. Saits of a carboxyl group 

. 2r s iiiC ; r!.:i ".0*1 ; jj*. ,vti nrj i t/j*": l : v :: :r ' ^.V ■. jr.;.*. .r.c ■ ^*?>. 

include inorganic salts, for example, sodium,^ calcium, ammorlium, feme or zinc 

r nc i ij j sfcftk, alii fhe like, ahd'salts with organic bases sucH j as those tormeld with amines, 

25 such as triethanblamirie, argiriine, or lysine, piperidine, procaine, sain the like. Acid 

addition salts include salts with mineral acids such as hydirocftloric d'r sulfuric ^acid, 

*" and salts with organic acids such as acetic^or oxatic acid. 

' in a manner which^is its^khowic for : ^campie^ b^ m6ans of conventional mixing, 
30 C ' granulating,' dissolvihg,'or ^ may include 

" fillers binder^ disintegrating ' agents, auxiliaries arid 'stibiiiiers, airBf which are 
known in the art. Suitable formulations 'for p^enteral iadimnistraiibn include 



aqueous solutions of the protrinun ito^sbiObfeTdrni'fcr'example, water-soluble 
salts. In addition, suspensions of the at§ve tempVuiaras approprikte oily 
injection suspensions may be administered SuiMe lipophilic solvents or vehicles 
include fatty oils,' for example/sesame oil, or 'synthetic 1 fatty acid esters, for 
example, ethyl oleate or triglycerides. Xquebus injection suspension that may 

' contain substances which increase the viscosity of the '^p^nsion. 

'the pharmaceutical formulation for sy^wracladmini^tion according to 
the invention may be formulated for enteral, parenteral of topical administration, 
and all three types of formulation may be u ^ simultaneity to achieve systemic 
administration of the active ingredient. 

As described for lung instillation, aerosolized'sblutions are used. In a 
sprayabie aerosol preparations, the e active prcftein may be'in combination with a 
solid wbquid inert carrier material, this may also be packaged in a squeeze bottle 
or iff admixture w&Ypre^urized volatile,' normally gaseous' propeiiant. the 
! aerosof Feparations' cah contain solveks! buffert'sutactantsV antioxidants in 
addition to the protein of the invention. 

For topii^iapplicatiSn, the proteinsH the pjE^ent invention may be 
incorporated'intd tojiicaliy appUed-vehicles.such assalve* bfiointments, which have 

< both a ? sbothing effectdn the skin as well as a rhearisforadniinistering the active 

• ingredient directly tome affected (I -ISA) $<r vhwi :?r-f»b 0 S 

* > the carrier for the active ingredient may be either in- sprayabie or 
nbnsprayable form.- Non-sprayabie forms isaTiibe(seW-sb'iid or-sblid<forms 

^co : mpnsing a carrier indigenous" to topical application and having ardynamic 
viscosity preferably greater than that of water. Suitable 1 formulations include, but 
arc not liriuted r to, solution, suspensions, emulsions; creamsv ointments, powders, 
liniments, salves, and the like. If desired; these^may.be sterilized or mixed with 
> auxiliary 1 agents, e.g., preservatives, stabilizers, wetting agents, buffers, or salts for 
• influencing bsmo'tie'pressure^and the like. Example&of preferred vehicles for non- 
" sprayabie topical preparations inelude-oirttment bases, e.g.rpolyethylene glycol- 
: ieo'a^PEG- l : 000)rc6nvenUbnatCTeams such as HEB cream; gels; as well as 
- petroleum jelly and the like: -One'^palticulariy preferred cream is described below. 
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Qftier gha^iwceutic^y acceptable carriers for the P AI- 1 protein according to 
.{he present jpygition are Glomes, pharmaceutical compositions in which the active 
pjotein is con^ed^gthor d^ersed or variously present in corpuscles consisting of 
^ aqyepus c»i?centric^ay to jipidic layers. The active proton is preferably 

5 oresent in the aqueous layer and in the iipidic layer, inside or outside, or, in any event, 

•r \ aV i\- yui n5Pz$\jv. i-j&wp.- ;.nr.$\\ m . : - • r»: ..3 

in the np^tomojo^ The 
hydrophobic jayer, or bp^cl3^&, generally, but not exclusively* comprises 
phospholipids such as JedUun^and spWngomyelin, steroids such as^chol^sterol, more or 
less ipjiic surface active substances such as dicetylphosphate. stearylamine or 
1 0 phosphatide acid, and/or other materials of a hydrophobic nature. . 

, The PAI- 1 mutant proteins described herein have be^n designed specifically 

to iohibjt elastase and to inhibit cell migration, in particular migration of smooth 

rv - v t : t ^;nr^ ■ j ^ .tcc sf , 1; * *..*q - 

_ _mu$cje cells (SMCs). Therefore, pharmaceutical compositions comprising such a 
r t?FP^ n ^"^v ^ 0T '^kiting elastase and/or inhibiting cell migration, in the 
15 u treatment of various diseases and conditions which are associated with elastase , r% 
activity or undesired cell migration and. proliferation. . . 

, v : ■ r i:v LUNG DISE ASES- ASSOCIATED WITH? EL ASTASE 
! v t 3Jiwr ir. , Elastasie.is>knt^ tti^ 
rfi jcondiUons^andlotherforms Of lunj injury, and whifih rqsuit-in acute^respiratory 
2 0 distress syndrome (ARDS) botteof the.acfclt variety and Jfre.neonatal form (KolefF, 
:o : M;H; cT a/. ; New Eng.v&hdvtf): .JE«Si7 r 33K 1 995}; Speer, CP. */ a/. Pediatrics 
v i J»/ :!794-:7994i 993 ))• ;Ehsre are purt^ntlyjio-useful pharma^otherapeutic 
:. r apprpaches^QiARDS/p^ojlarly sarjy iivjhe disease prpfes^r It isbbelieved that a 
z.i : , * 4>rotease-inhibitor imbalance may contribute essentially tp,acute lung damage in 
25-T.ij .early stages ofrARE>5;. ,The myigLnt^AI-1 proteins are useful in restoring this 
\:l ' - 5; imbalance aiaAtippingJvi^fay.oriO.f proteinase (particularly elastase) inhibition. 
: . : _ v: ^Fui|hermore theiBippitancein^ 

...neutrophils^from the pulmonary iniceoya^eular, compartment ^tpjnterstitium and 
, ^ alveolar space i*recogryz^.;(Sjriet^ (1994)). 
30 '! ; These processes, blvolye ^2 intsgrins.and, selectms^ sucb.neutrophil; L-selectin 
- . . interacting with activated .endo^eli^m E- jand P-selectins and neutrophil P2 

integrin interacting with EC ICAM-1 in neutrophil-EC adhesion, margination or 
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rolling. Expression of these cell ^ 'sur^lholewfes- Ma the'ac^vity of the cells are 
influenced by the cytokines TInFF and nlt.^Tliese two cytokines are initiators and 
promoters, setting into motion cascade of events leading to microvascular 

inflammation. The mutant PAJ-1 proteins are useful in modulating such neutrophil 

^ - ■ ... 

migratory activity and ultimately, in infiibiting tfie'actiori of their secreted product, 
elastase which is responsible for much of ttie tissue injury. 

Emphysema is known to be in large jfait a result of elastase-mediated tissue 
injury. Augmentation of lung antiprotease levels would be an important 
therapeutic intervention in prevention or retardation of development of emphysema 
' 16" (Smith, R.M. eiaLJ. CtirLlnvesL 84^145^1154 (1989)). In the foregoing study, 
aerosols of a 1 AT were administered to lungs of dogs and sheep, dl AT was found 
oh the surface of alveoli and distal bronchioles 2 hrs after administration and was 
present in lavage fluid; antielastase activity was proportional to the concentration 
of human al AT given. 
15 Emphysema secondary to congenital al AT deficiency also results from 

insufficient amounts of a 1 AT to protect* lo wer respiratory tract from neutrophil 
^ elastase (Hubbard, fcC.eia£ >. C/m. 7mwi 84> 1^^354 (198^). 

Emphysema, including that duetto al AT deficiency can benefit from 
treatment with &e eiasta^ PAI-1 mutants of the" present invention. 

20 In cystic fibrosis, CF % neutrophiWdominafccl irfflamfnatibn oh respiratory 

epithelial surface results in 'clurimc epithelial bufdai^df neutrophil elastase 
(McElvaney, N.G al\ Lancet 33 7: 3 91-394 ( 1 9$ Y)). ai'AT given in aerosol 
form to CF patients* suppressed* neutrophil elastase in the respiratory epithelial 
lining fluid (ELF) and restored ELF ahti-elastase capacity. This treatment also 

2 5 reversed inhibitory effect of Cf ELF on Pseudomonas killing by neutrophils *' 

suggesting augmentation of host defenses. Airway inflammation in CF was 
diminished and DL-8 levels on the respiratory epithelial surface were suppressed by 
aerosolization of recombinant secretory leukoprotease inhibitor (rSLPI) 
(McElyaney^ N.d 

3 0 elastase detectable in ELF and appeared to breaks the cycle of inflammation on CF 

epithelial surface rSLPI is a 12kDa single chain nonglycosylated protein made in 
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co# with identical structure and function to normal human SLPI (Thompson, 

. -,'jf : ■ Oi^e rt^i;:/- c;~ - r'i; :/ * c\ n .-is . . 

R.C. era/., Proc. Natl Acad. Sci. (7^83:6692-6696 (1986)). 

Based on the foregoing, the PAM mutant compositions are used to inhibit 

.J*".- - "! : ': , xsi;;]r , ?. , !;. : '. f;.:-2ur, jr.- <: 5 . ~c-^ 

, elastase in patients with CF, thereby treeing various^symptoms of the disease. 

5 For treating the above forms of lung disease, use of aerosols is preferred to 

,!•■ .n:Ci:3A*jj'i:j:»,. r m /s: Ci; £ £ ^r. E 

maintain protective alveolar levels. Those of skill in the art will know how to 

determine the eflBciency of for delivery into alveolus. If efficiency is expected to be 

in the,rang$ of 10-20%, 10-200 mg of active PAI-1 mutant protein will be needed 

> to be aerosolized per day or 70- 1 400 mg/week to maintain desired levels in 

10 alveolar fluid, improved aerosol delivery methods would reduce amount required. 

. Aerosolized PAI-1 mutant proteins retain their antielastase activity and can 

.v- : 2 >. >.* .r i-- ? _ v- 1: *c . J r n. I/- * * or 

. penetrate into and deposit on the surface of distal airspaces in lung. Aerosolized 

PAI-1 mutant proteins in avoids problems with high renal clearance associated 

i Odcrj •' .£noi7?c " ■ - v ->•■ ft: £ ... ^ ;h * v f * r.c ic 

with intravenous Civ) administration of some agents. m 
15 Aerosol, is generated by convention means, for example with compressed 

air-driven nebulizer. The aerosol preferably has mass median diameter of 1 -4^iM. 

1 ■ f c nicer 01 :u . ;-j.»A r o^c ?..:■: uO/r« ; rr.sr^nr-.ni 

Escalating losing may be used and the; amounts of PAI-1 proteins can be evaluated 

;/■ \T, - T VcT-^7 .v.-^M .r.Tj \.,.^ v:- .'J J! .hu-r-dyiij sp^s 1 . 

by lav^e and. the dQsing adjusted accordingly. 

^ . ; T;:i rf *'j voi. viorbo i/*"> o? 3uc sff^iiiJDt! r r r.*-i/i ! q.T.d 

Alternatively, the p^ot^ins.cap be administered parenterally at a dose range 

20 of about 10-20Q fng/kg/wk. . ^ x , 

, ^ OTHER ELASTASE-RELATED DISEASES 

. ' According to Travis v J . et al. , 7. ^ejp/r. Cr/7. Care Med t 1 50:S 1 43 - 1 46 
(1 994), periodontal disease shares certain pathophysiologic features with 
emphysema such as accumulation and degranulation of neutrophils at inflammatory 

25.. sites as result of frustrated phagocytosis, and specific activation of these phagocytic 
.cells. In periodontitis, the process begins with accumulation of plaque at base of 
teeth followed by growth of opportunistic anaerobic bacterial below the gum line. 
These organism^ resist killing by both monocytes and neutrophils, secrete 
proteinases that activate kallikrein-kinin pathway, degrade clotting factors and 

30 release chemotactic fector C5a from complement. Neutrophils are recruited to 
infected sites, attempt to phagocytose bacteria, followed by inactivation of 
proteinase inhibitors and degradation of connective tissue proteins, yielding 
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destruction of gingiva. The present compositions are useful in treating periodontal 

disease, topically or systemically, through inhibition of elastase and other 

* : i • : \ v; T"::tiV.: VIH £>^rl^ .;> 1 :r.. 

mechanisms discussed above. 

Atopic dermatitis (AD), which affects both children and aduks, has no 

established etiology though it has been suggested that during inflammation, an 

excess of serine proteinases accumulates at the local site of injury together with a 

deficiency of their natural inhibitors (Wachter, A.M. ei aL % Arm. Allergy, 69:407- 

414 (1992)). al AT was tested for treatment of recalcitrant AD. Patients showed 

significant clinical improvement within 6 to 21 days of initiation of alternate day 

therapy, al AT stopped pain, pruritus and promoted tissue healing without 

scarring. 

Periodontal disease is treated preferably by toxical application of the 
mutant P AM prbteinTof alternatrvely^ ' 6y systemic tfierapy. AD is treated by 
topical administration of a PAM mutant protein. Effective doses for both diseases 
range from about 1 to about lOOmg/ml, preferably about 20-50 mg/ml of mutant 
PAI-1 protein in aqueous solution given on an alternate days schedule. For 
treating hands, about 5-10 ml the protein in solution is introduced into an occlusive 
glove which is placed on the subject. Other known occlusive dressings may be 
used at other sites. In conjunction with the aqueous solution, a cream of PAI-1 
mutant protein at a concentration of about 0.2-5%, preferably about 1% is used. 
For example, aqueous treatment is given ori^alternate days for 2 hrs followed by 
topical application of the cream This is repeated 3 times during day. At night, 

continuous 8 hr application of the aqueous protein is administered in an occlusive 

• \ o y ;' *■ "1 . hi ^r.v < :>V$.' :*.zur 

dressing. Alternate day therapy is the cream applied thrice per day. At later stages 
.; ; i . " •; ; : * 3. -' * d *r kj" ■ 

of treatment, a maintenance dose of about 1 -8% cream, preferably about 5% is 

.V A r . O. :-T' Ms-It' ^ ... i" r..: 1 

given. This therapy may be combined with topical steroids. Maintenance therapy 

\tni\f v i =: v 

may be give for weeks to months, depending on the patients' response. A 

..\. , -:r *r:' : . ■ i ■,^> ••i.^.rr. H 

preferred emollient cream base is petroleum, mineral oil, mineral wax and alcohol 
-. * : . t. ' ::.» :' x it /X' ;<.:.r; : " . ?»:;."■: • ' ' : ' 

(Aquaphor, Beiersdor^ Inc.) though other compositions known in the art may be 
. *^-vi r . .~"> u^r.-- • '."^7 rjic- ' il * : ,; 

used. Formulation is done using conventional methods. 
'V' : ^.:. ! v*.. • ' ..■■*'...!•■/*■ . * /Ut / . ■ 

Evidence exists "for a t lyn^hocyte protrin receptor with elastase-like 

character to participate in fusion of HIV-1 wth permissive host cells (Bristow, 



7J; 
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C.L. et a/.. International Immunol. 7:239-249 (1 995)). A synthetic elastase 

inhibitor (MAAPVCK: methoxysuccinyl-AJa-Ala-Pro-Val-chioromethylketone) 

's 1c .":0;r;riir!n ; .-Vrr...; \\\r 5* v I 
significantly reduced HIV infectivity when present during contact between virus 

.sv." ; .ikj'y> jv. 

and cells. The human T cell elastase-like homolog is membrane-associated and is 

i\ t ?* x 'ir j." \? . v.rlo rlrod ;;?;'f:. rk :.1w I 1 ' . 7 ...s 
5 protected from bystander proteolysis by association with its natural inhibitor, alPI. 

Evidence suggests ligand exchange between gp41-gpl20-CD4 complexes and 

elastase-like protease-alPI complexes. Complexes between gp 120 and CD4 may 

- ± .;• ^; . . jf /UiV v„\ ^?dD5^rn: • 2> .IP v" . - 

induce dissociation of elastase ant a 1 AT, and disruption of the latter complexes 

. . rr," h . / <«. :rr/j. ; u.r.; r u" "rc-^r.csv ic'' ' ..^.-3. «v* ) 

may explain ability of MAAPVCK to interfere in HTV infectivity. Blocking the 

• u to t. f .' ■! .mj'O jrv. iq." r - 

10 catalytic site of elastase-like protease would preempt HIV fusion. Therefore the 
V' ^ ~" •" - T" : ' - .V*;; . I 

compositions of the present invention are useful to target such complexes, inhibit 

the elastase-like activity, and thereby contribute to the antiviral effect on HIV. 

ATHEROSCLEROSIS. l^T^OMS Al^' VASOJLAR DISEASE 

Atherosclerosis and the formation of neointima in blood vessels, especially in 

15 arteries, is stimulated by a number of events, including platelet activation leading to 

■ *um>. 'i. -i.m 0 ,\ .rs'/^ , rr/sr. • i , ;v r i? s .••:£-■? 

thrombosis and secretion growth factors, as well as stimulation of SMC migration and 

proliferation resulting in neointima formation (see, for example, Reidy, MA */ a/., 

:\r i!*n: :. ;L^:«r.f • ' , ,:r\ - v ":i:Ho a Lti C •'.-<: :.r*£i . < 

Gra/&//0w86m^ Thromb. 13:1218- 

zuj. -<*-i ^N/hr ; ;:-c Wwi ^li^i.; -^>: r ?r,.' ; -.T-ij 

- 1226; Matsuno, K e/a£, Yakuriggku Zasshi 706:143-155 (1955)). Peptides 

20^ containing the RGD seguence, chief among them Vn, can prevent the binding of 

several* integrins including <Xvp3 in SMC migration. By inhibiting integrin function, 

particularly the binding of Ovp3 (also referred herein to as Vn receptor or VnR), the 

J . . v^fc ;jnra r-.f^iJ € L%» v.iai •! iif/r 'f i*. , r... .if. ^ 

forniation of neotintima is inhibited as a consequence of lowering the percentage SMC 
'irvi-X' u . bi vjj; ' .Lr- ! /X . '?>-t - j^ c y ^ - v- " 

migrating into and proliferating in the vascular media and neointima. The P AI- 1 

2 5 mutant protons of the present invention, by blocking integrin interaction with Vn, are 
useful in reduction of thrombus and neointima formation, thereby preventing the 

generation of atherosclerosis. 

*. .: %f: /:=: «... ^. •.••'b ;:• . .' ot .: ;v * , J (J \r 

Restenosis, the narrowing that occurs in certain patients as a result of 

nepintimal SMC accumulation after balloon angioplasty as a treatment for end-stage 

?. s : r v>! .'..j-e-i. :* u ■.■::c.i? ( i.^I .ri^c .•*•'. ^rc."*. ■ 

3 0 atherosclerosis, is an important long term complication. Its incidence is about 30 to 

50% within ax months post-angioplasty (Libby, P. e/ al Circulation 8&JR 47-52 
(1*992); Groves, RH. et aL Altered Nikol, S., WienKlin 



.L' • 



WO 97/39028 



48 



Wochenschr. 707:379-89 (1995). From animal nrcdelsjt is know 

place in several phases: thrombosis, inflammation, cell-proliferation and matrix 

formation. The process is complex, with various factors interacting in each phase as 

: ■.>< r'v rasrn ic ? . ..r; 
agonists or antagonists. After more than 1 5 years experience in balloon angioplasty, 

5 there is an urgent need to develop therapeutic strategies based on currently available 

information. A number of approaches have been suggested,, including selective 

elimination or alteration of proliferating cells, enhancement of natural growth inhibitors, 

blocking of signal transduction or inhibition of the gene expression for distinct growth 

-,t : 'ryi~ rr > - u ; .:*•■< . i^.i ; vi - - r - '* r 

stimulating proteins. The present invention provides a specific approach directed at 
\. i. * -\ .-T. 'vst' " - v vr - . 

10 disrupting the adhesion, miration and subsequent proliferation of SMC in the 

vasculature by providing a P AI - 1 mutant capable of inhibiting tjiese steps by binding to 

Vn and disrupting Vn interactions wth its integrin receptors on cells. 

Groves e/ oi, jwpra described a quantitative pig carotid artery model which can 

■"v*! :"".v :*> r - >' ^-/oc 

be used in' the evaluation of the present mutant PAI-1 compositions and which reflects 

15 two distinct kinds of injury which occur in human disease: medial dilation and deep 

medial tearing with rupture of the internal elastic lamina. In this model, the time course 

.... v w V r - ; . r:: 7-7:. '-r m ~* r n;Kfi r ,£■£.;.: '' .rte'- "i p . f - 

of neointima formation is evaluated morophometricalIy_and SMC proliferation is 

measured by immimocytochemical detection of the "proliferating cell nuclear antigen" 

, • -,s • ^ '....r,. 4 i j- b'V'AJ W\ r/^-Ww :s ; . i^"-.'*. f T .* v ■ f ";' * v / . 

(PCNA) at various times aftk balloon injury. In this model, dilatation injury causes 

""20 * medial enlargement and neointima formation by 7 days, as does.rupturg of the internal 

: y v j <■ , v ; , : -x;> ,r -i ?r/i" "'S u ^~ ^ f * c; * iT ^ ^ r )a 
elastic lamina. Balloon injury increases the PCNA index of SMCs mt^^ 
a. . 3*:-- tjv U 1 j.'jtf o:^ -T"x ■vis • i3r«v ^ 
underiying an intact internal elastic lamina maximally after three days, and in the 

neointiina and in die neomedia after 7 daj^s. L . A % _ ^ 

A recently described improved model of human restenosis in monkeys utSpizes 

25 atherosclerotic monkeys fed an atherogenic diet for 36, months (Geary, R.L. et al , 

ArteriosckrThromb. Vase. Biol 76:34^3(1,996). Angiopla^y is performed in one 

iliac artery. At varying time points (up to 28 days), prpliferadng cdls are enumerated 

■ x ' - -v vr ,4; r v-r.;. /. r ^ ' - ' - - : ' 5 " " v 

= uangbromodeoxyuridinelabelbg and arteries n^y be fixed w 5im for ©camination. It 

has been pbsoved that angioplasty often fractures the intimal plaque and media, . . 

»rr : *i r.. .{• ** * j < I I:-T'*V: r';...". ■ ^'-^ --'^ 1 l ' - j ' ■ • 
' 3 0 tranaently increasing the lumen caliber and artery sbss, which commonly returns to 

baseline by 7 d^rs. Proliferation was mCTe^^oughout the art«y ^ at 4 and 7 

days iand declined later to control rates. The intima thickened markedly from 14to28 
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days. This response to angioplasty closely resembles that in humans. PAI-I mutants 

r„-. \v. ilsbca i&T.i::K --nr. ; , 4 ° /• 0. 4 

according to this invention are given to monkeys in conjunction with the angioplasty to 

evaluate dose and administration regimens. The results may be applied directly to 

: jctr.' -'i rr i-q\i$ us j thi* . ^ tC "- : . t ' ^ "/< 
human subjects or other mammalian species. 

5 uboy et al. y supra, discussed restenosis mechanisms based on a 

cytokme'growth factor cascade following angioplasty. Acute local thrombosis and/or 

mechanical uijuiy cytokine/growth factor gene expression by resident 

macrophages and SMCs which evokes a secondary growth factor and cytokine 

response that could amplify and sustain the proliferative response. Human atheromas 

1 0 contain vanable numbers of macrophages. The variability in macrophage content of 

^ - /Kic .C' :V., v* ire a' L.i "ic jii 'i^rn v x .'. i . r . *z/- i _ 

atheromas which may determine the propensity to develop restenosis could explain 

r.v -f-'j.-. I. % f J:» . *J . i-l ' £ : ,tv: ■ lot*- 

why all lesions do not restenose. In the context of these mechanisms, the PAI- 1 mutant 

protons, by inhibiting Vn-dependent SMC migration, would prevent or reduce the 

deranged behavior of SMCs during restenosis triggered by vascular injury. 

- i:< , tjs v:o£<< TT..w J- * • j.75 : . vuc " ' :? «-:-'S r;. : ..^J 

15 Studies with transgenic mice over- or under-expressing components of the 

fibrinolytic system revealed a significant role in fibrin clot surveillance, reproduction, 

v ■ :/v .'.z 7 ' .W-Jaf z\reu$ l-rr^y t.ijl^ ^ u?-*.^ .'L' * -»n>\ ^3 !* ; i?. " 

vascular wound haling, brain function, health and survivaT (Carmeliet, P.F., BailUeres 

"ttin HMmaioiy^Vl^Ol (wi)). ' 6w^'bbth"^esofPAs to have 

evolved with specific yet overlapping biologcal properties. Loss of PA gene function 

20 is thought to be important in atherosclerosis, neoangiogenesis, inflammatory lung and 

tadneiy disease and malignancy. The PA knockout mice with their thrombotic 



phenotypes allowed study of the restoration of normal thrombolytic function and 
prevent thrombosis by gene transfer of wild type or mutant PA genes. Impaired 
thrombolysis of tPA-defident mice was restored using viral-mediated gene transfer of 

2 5 recombinant tJP A Analysis of neointima formation in P Anieficient mice suggested that 

• - • ^ • i^W j '* if- - :: i-.?-. - % . ns . t? : ^>or»i " *' . h 

controlled reduction of fibrinolytic activity in the vessel wall might be beneficial for 

prevention o* reduction of restenosis. This model permits evaluation of the present 

e,/*L c ' , k/ f .. < : , 5 ; v g T. ji- ?iw : t / r. 1 :/. : v'u 

fAi-l mutants, other by gene transfer or exogenous therapy, in preventing fibrinolytic 

processes as well as inhibiting cell migration as discovered by the present inventors. 

3 0 Sawa, H. et aL, XAm. ColL Cdrdi6l if.YJAl- 1748 (1994), examined rabbit 

carotid arteries to test whether altered gene expressibn of PAJ- 1 occurred within the 

"b l-v •. !:. ■>!.)•>.-!.: six;-:, ^ v\;i,-.i : iiIo- > i -v. " r - . -." .'j 

arterial wall after experimental balloon bjury. Balloon injury (as a model for 

» <•* . " t .-j' •' : ...-;n' : . ,. : v. d c...- ^ .. 
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angioplasty) indeed mrinMttiM ^esiotit^Bnd >n vascular 
SMCs and ECs. The decreased c^ll ihM&^o^ to resuk from the 

increased PAI-1 wprts^^'mtiad'h ©B«Sy5'«^ thrombdsii As a 
consequence, excessive stimulation with clot-asMaated mitogens may stimulate 
vascular SMC proliferandnT which; yupied ^ind^ed accumulation of ECM 
attributable to a decreased plasml-mediatel degft£ito'*iiiay&kibute to restenosis. 
' "'" The^prwent inve^n'iwwaesi m^'&l^ or'jfi^eni'tte afbremertioned 
events which involve PAI-1 m^"pamo|^proa^ &y pfoviding-tb a subject a 
PAI-1 mutant with high affinity for Vn, the Vn^ependent migration of SMCs is 
reduced or prevented, thereby' avoiding the subsequent' proliferation which contributes 

. . .. , - ;/ . ~>i ' - . ,.o.\.n 

to the restenosis. 
1 cancer: ANdinrTRNisiSAND fibrosis >;!: 

: ' WorkbyChCTesha^c^fieaguWhaspro^ 

of VnRintegrins'and thar ^ c^cal importance. Of 

>articuiarimportahceto r m^ 
••meVhRavPjaidVrC^ 

invention. By preventmg'm^ ^ important 

process of cell migration 1 6an be'&minisheti or naliSi, with "a number of important 
(Sequences for tHbse dise^ andco^ cel1 
migration, which leaoYto ^ vascular 
phenomena and dfeeases disctissed ab^ve, ' ^ch inigratibtt is imf ortaiit in tumor 
invasion and metastasis, which can ^'SuplSd^tlw pffcsertt compositions and 
methods: Furttfermore,' as detailed bdow, anffogehesis and neovascularization is 
dependent upon intact VnR-Vn itoeracticHis. Thus, a»Up^K;<of1xtt , fehdmg to Vnby 
PAI-1 mutants will inhibit angiogenesivan effectwhicli can be harneSsed to inhibit 
both local and metastaticuimbr growth.' 

Homologous integrins with' identical d subunits and structurally distinct 0 
aibunits result in duferent functional ignition reperioirei among various cell types. 
" 'For example, carcmoma cdis were desenbed as expressing an hovel VfiR integrin 
" : (al&) which niediati^ cell adtiedon ^ Vn, ' but not to fibrinogen of von Willebrand 
r ^tCHe^ : b:A.W'aia! 57:59*9 (1989)). ' In contrast, melanoma and ECs 
express a VhR (ctvp3) that promotes'cell attachment to all of these matrix components. 
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Theparcinpma ^efl^t^g^^^^ compqp^of an a subunit indistinguishable from the 
y r t . , av of tfce v ^W(j£iRj|^^^ B.subynit (&). These cells also lacked 

mRNA OT^din^ipt^o^L. ^5 ^ant repeptor^mediated cell adh^on to Vn as 
well as fib£pm£t$ ^ 
5 r , ^ 7 Jnt^p v g,$^^ 

(Krisswsen, G.)|^;f^/ t ^/3^ 2(55:823-830 (1990)).. Differential regulation 
: of expi^gnp^e jiiflfiesj^^ si^njte that associate withthe VnR a chain may play a 
^ .. . . ^ip|^cjurmg t (%U dbB^etitiadon of in^oc^e-mapnqphages. ^ 

. ... Important for this invention is the discovery of the requirement for the integral 
j^subj^t.forca^ 

D.I. J. CellBiol 7/7:1101-1107(1992)). A human pancreatic carcinoma was found 
to use integrin otvPS as it? primly VnR as it^fiuled^tp express a v p3 These cells could 
n ^no^fomvfocal cp$£cts t spreader migi^eQn^n but realty did, so on collagen in a |3i 
, . . mtpgrin-dppendent manner. Transfection of these cancer c»Ils with cDNA encoding 
...15^{ ifrejojegrfr jk^!^ a functional a v (33 heterodinwr 

^ . . . pipvidjng thpse f^S^th, novel ^e^^anjj biological ^roperte^ iwn^Iy the capacity 
. to attach and -spread on Vn or fibrinogen with.fo localizatioa to focal contacts. These 

m > . Yn Qr fibrinoeerv These results demonstrated that th^ 63 and P $ integrin subunits, 

20 . . .when associated with a Yt .promote distinct .cellular responses to a Vn extracellular 

or:; : y ^ i^SK i r 7 asrrrapo? ;fhq *~u- no.* : 0: zoCSl axr. ■«/ *.« • : . 7 

. } ^ r e^opnjgnt. Qgpw^^ ^ 
tumor cells and ECM are inhibitable by the P AI- 1 mutants. 

v . ^ *? ^p?^Qt tQ. jiote thtf seyeral different imegrigs are present on the same 
r . _ <. cdls (e^g., a v Pu a v & and ctvps. However, h is the ft chain which is upregulated when 
25 ; cells are about to f migrate. Nev^eless, any c^ll whic^ ^iizes ^ 

the RGD she of Vn will be inhibited in this interaction and jn its subsequent migration 
^ by the PAl-1 mutants described herein. , , 

• . The requirement for vascular integrin avfr fpr angiogenesis was shown by 
Brooks, P.C. et aL, Science 264:569-571 1994). This VnR was expressed on blood 
3 0 . vessels in wound granulatiqp tissue and mcre^sed in repression. during angiogenesis. 
? , An antibody to ayffe bloqked angiogenesis inducal by ^qkines, growth factors and 
fragments of melanoma tumor. This identifies avfo as a therapeutic target for diseases 
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characterized by neovascularization. The present invention provide a therapeutic 
composition and method aimed at this target: PAI-1 mutants which are designed to 
inhibit migration and which maintain high affinity for Vn. Administration of effective 

amounts of these compositions will disrupt the molecular interactions required for 

*; jn* * ' j;- . : y. .a • y? .-;A^ *»*■•;. ~ «f. '<» " 
angiogenesis. It is preferred to administer ^compositions to the affected tissue, for 

example by intralesional injection into tumors, or by^ specific targeting using targeted 

liposomes. 

Wound healing requires a coordinated influx of fibroblasts, vascular 
endothelium and epithelium. Agents which promote a more rapid influx of fibroblasts, 
dndoth'dial ilnd 6pithkai cells into "Wounds Should inctea&'the rate at which Wounds 
'heal! However, such*stimulati6n may also result in unwanted tissue'fibrosis and 
saining. thePAI-1 mutant of tKe jpreseaft invention prefa^fy fc appBed topically are 
useful in downregulating the influx o£ for example, fibroblasts into a wound. Judicious 
use of these proteins will allow a balance to be achieved between wound healing and 
fibrosis-or srarring. ■-. .. . .^y-;.:^^, 

; Fibrous in the lung is a major problem in chemotherapy with agents such as 
bleomycin and adriamycin, jFibrob^ lung- tissue (or other chronically 

inflamed tissue) on a fibrin matrix and lay down cpHagen. pndpgenous PAI-1 bound to 
the fibTO matrix is displaced to allow th^prpc^ses. $ffl!^^ 
PAI-1 showed inhibition of lungfibros^ (Eitzman, T>£etaL. 

■J. Clin, Invest 97:232-237 (1 996)). Pathogenesis pflun&fibposis as well as fibrosis in 
, other chromcaDy inflamed tissues involves increase in tis?^ stimulates 
j prothrombin activation to ^ to fibrin and 

fibrin deposition. Inflammation also. upi^atttPAI-1: Howevff, cells such as 
fibroblasts are able to displace^AI-Jpin^binding tp^and migrating along the fibrin 
matrix/ intimately, th^ The 
PAI-1 mutant protein of this invention are used to disrupt this process^ inhibiting the 
cell -matrix interaction Mdinhibjting fibroblast migrationand-generation of fibrosis in 
. the lung or any otter .chronically inflamed tissue.: ;The prolan may be administered as 
an.aerpsol prby-systenuc injectipn.qr both. Alternatively, the proton may be targeted 
to a specific tissue by liposome -carriers or o^her,means ; known in the art for targeted 
drug delivery. 
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THROMBOSIS 

Mutant PAI-1 proteins also serve as improved thrombin inhibitors. Thrombin 

I.- I": . ,r:i?.r r «!A4 :3?..r.:, : *.;..*ryt r;.,r 

bind to fibrin in a clot is protected from inhibition by normal thrombin inhibitors. The 

v k ; «T..;/-. .nV \iin:f:; r. i, ; .t. . r . : '..^ 

mutant PAI-1 proteins are able to inhibit such "protected thrombin on surfaces. In 

. cv --r:rv Ls!^i.:;.r. ;e.Uii. !' .* : ';' »* . ; -a , , , 

5 this way, the mutant PAI-1 compositions are used to treat deep venous thrombosis, 

where clot-bound thrombin serves to promote extension of the clot leading to blockage 

and myocardial infarction, for example Clot* extension is resistant to traditional 

r* 

anticoagulant therapy. Administration of PAI-1 mutant protein will clear thrombin 



from a dot and thereby prevent clot extension aha its pathologic sequelae. 

.3>$, - : ■ - F - < Having npw generally described the invejitipn^ the sanie will be more 
. . >f ■ ce^dily understood through reference I.Q^the; following examples which are 
v_. v , provided, way of illustration, and are not inteijdpd^to be limiting of the present 

. , invention, unless specified. „ . 

^,:lo r^.^d'.. -sir : •• EXAMPLE I ^K-^- 
15 Inhibition of Elastase bv PAI-T Mutant^ 

- • , tIujj studies were performed ib ttsf theibilityof PAI- f mutants to bind to 
v:o , - c dasta&ih&^^ Also 
, c • te^efwastheabilllfy of the PAPPmiMn! fa stimulate ^ridy<^tosfeof elastase the - 

>v ^ - r <Neutr6phil elastase'anU pancreatic elastase (l\igfml) were incubated with**' 
increasmg^rfcent^tiShs'ofeither WtPAI-1 4 or Pl-Ala-PAI-1, or al AT for 30 min 
" >afroomtemp<*rt^ 100^g/ml BSA, 0.01% 

. • fe'foeMO (MO^'to^ (Sigma) (I00nl) 

25"n : ^ra S added to : lmM»-final confcehtrati6n? The fchaitge^in absorbance kt 405nm was 
r ^measured at 37 b C for 30 min., and the rate^of^charige was- calculated for the last 1 5 



min. 



rn:. 



' r " SDS^AGEaArialVsrs of Complex FonhatiStf betwefen-PAI-I and Elastase 
;r. :» r . Tsfeutroplfil elastase (0:45mg/ml> J khd 'p^creatic^feta^(l : ^ was 
- 3& " incubated Whba 4-fbld rfiolar'exicess ofefther : wtld-type PAM-flahes 2 and 4) or 
J Pl^Ala-PAI-l (lanes 3 lind 6y for 30 minutes *^t ro6m temperature atnd then 
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samples were electrophoreses on a 12.5 % SDS gel and stained with Coomassie 

•.blue. i;. .'. .n .isiiai^^i'-ia .-I 

Rnancvtom of ? 25 :I-n witro phil elasta^h v type n pneumocvtes 
: ■•" Type il pneumocytes in l2well plates' (O-SSi -x'l 0* cells/well) were washed 
twice m'serWfreS medium and'mcub'ated'fof 30 mm in serum-free medium + 
15% BSA. -^-^B^-fem'nBaM^^Wf^k added to each group in the 
presencVor absence of lmM of die ireciip&r Ib^ttdl' pYoteiri ("RAP") which 
inhibits binding of all ligands to the ? ^-raepfeHrelated ! prbtein (LRP). Cells 
were incubated for 30 min at 37°C before the PI Ala PAT-1 mutant or al AT 
f al"j (25 nM) were' added to the wells' Ceils were incubated for 4 hours at* 
'3TC. ' Wells were" washed twice using p'b'S and incubated for 5 min in serum-free 
" medium cohtainihg 0.5 mgVml trypsin arid proteinase K and 0.5 mM EDTA. Cells 

' Were'centrifiiged arid the radioactrnty in the ceil pellet was counted as a measure 

-jH. :C;v. i .:U/ 1 >l, <S. ".?.ir Z t^.-'m «v tA M 

of internalized elastase. 

' Epulis : , r . w _ • 

" Whereas wtPAI-f'did hotlnhi^ 
' mutant PAi^Vdid, although Wn ^Iess ;^ency tHali oiiAT; As for neutrophil 
elastase, b^th wild rype and'mutent PAI-l umibite^ enzymatic activity, with the 
mutant'sho^'^tlfouf-fbla greater'ihhibitc)ry_capacity. . 

SDS-PAGE(Ftg :: o^ 
' showed ltepr^M»o«Weia&'^'Uie inhibitor wlieh'wtPAh- was used, 
with no evidence of cbmpiex fbrmation\^in contrast, P 1 ' Ala PAI-l formed 

completes with' the elastase. Doublete mdicate cleaved products' which are still 

.,- ', v. rv ecu**? rV r#u 1 l.vw*, 

inhibited. 

As for internalization (clearance) of elas^e, ai AT did not promote; ^ 
even inhibited the intemaliia4n;RAP had no effect on this inhibition. In contrast, 
PI Ala PAI-l caused marked' increase'in elaiaase intefnalizauW which was 
* sensitive to the Lltf mnibitor (Fig" ?). It ^ was' concluded mat the PAI-l mutant 
'stimulated en&cytoMs'and uptake of through the LbL-related clearance receptors. 
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. ... EXAMPLE D 

PAI-1 and Vitronectin Promo te the Cellular Clearance of Thrombin bv 

. " :: 'lao^Ydfe^^ or -Ny^-^g^:!l a " d 2 

, % (see: Ste^s^njj(ai Hf /. .S/o£ Qe/n. 2^:8215^8229 (1996 Apr. 5) 
.. 5 ,.' t -. . .TJjie follpy^rig StBdy evaluated cell-mediated, endocytosis as a potential 
, . nAec,ha J rjis.m foj jegula^tin^leye^.o^ e#ravascular.thrombin and determined whether 

.;. . { /Al-^y^^cjjjSf^^^j^l^^^ly haye roles _in,tj}e process. 

I. Materials and Methods ... .. ... 

_ Proteins. _ . 

10 . Human a-thrombin was obtained .from Dr. F. Church (University of North 
Carolina, Chap?l Hill^ NC). or purchased from Enzyme Research Laboratories 
. , (§put}) $end, IN ). Humai^ HCII was obtained from Dr. F. Church. Human ATIII 

was obtained from Dr. K. Ingham (American Red Cross,. Rockville, MD). Human 
a { AT was purchased from Sigma Chemical Co. (St. ,U>uis,,MO). Human 
15 fibrinogen was purchased from Enzyme Research Laboratories (South Bend, IN). 
^ t . Drphenylal^yl-L-pro^ ketone (PPACK) was purchased 

fromjCalbiochem (La Jolla, CA). Human 39 kDa receptee associated protein 
, , (RAP) was expressed and purified as described (Williams, S.E., et a/., (1 992) J. 

5/o/. Chem.267: 9035-9040). Low density lipoprotein receptor-related protein 
2,0 ..(LRP T l)^was purified as, described (Ashcom, JJ^tf/jpL {1990)./. Cell Biol. 
. ^ _/ / C^104 1 - 1 0f» 8). Gtyc^rotem 330/(LRP-2),was purified as previously described 

.(Kounnas, W.^. ^o/., (1994)y4wi. NY Acad Sci, 737:114-124). Native human 
- , . . Y n : was provided by Dr. D Mosher (University, of Wisconsin, Madison, WI). Urea 

denatured human Vn (conformationally altered) was provided by .I^r. T. J. Podor 
25 (McMaster University, Hamilton, Ontario, Canada). Human uPA was provided by 
Dr.. J. Henkin (Abbott Laboratories, Abbott Park, IL). Bacterially expressed 
human PAI-,1 was purchased from Molecular Innovations ,(Royal ( Oak, MI). A 
mutant form.of PAI-1 having a Gln^ to Lys substitution that makes it unable to 
bind to Vn (Lawrence, ^/ff/ ;> (1994) supra) was prepared as described 
3 0 (Kvassman, J.D. et al, J.b. ( 1 995) Fibrinolysis 9:2 1 5-22 1 ). 

Radioiodination of proteins was performed by using IODO-GEN (Pierce 
Chemical Co., Rockford, IL). Complexes of thrombin and various inhibitors were 
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prepared by incubating the I-thrbmbin with each inhibitor at a 2: 1 molar ratio for 
30 min at 25°C followed by absorption of free thrombin by chromatography on a 
column ATHI-Sepharose (2 mg ATIII/ml resin). To prepare active site inhibited 
thrombin, 125 I-thrombin (i00 nM)"was incubated with PPACK (5 mM) for 30 min 
at 25°C in TBS. The complexes were tested for thrombin activity by incubation 
with a fibrinogen solution (1 mg fibrinogen/ml in.IRS, 5 mM CaCl 2 ) at 25°C for 
30 min and assaying for fibrin formation. 
Antibodies 

The rabbit antisera, against LRP-1 (rb777 and rb810), LRP-2 (rb23$ or 

* i r .*('•. ' • r + : 1 j. o - r < - ■'■ ~ - "* 

rt>784), and a synthetic peptide corresponding to the 1 1 C-terminal residues of the 

cytoplasmic domain of LRP-1 (rb704) have been described previously (Kounnas, 

.. / i : \-. - . -\M : : *v'j v-v r * I? 5.. 

"W.S. ef al., (1994) jlm M^cotf. &/! 737: 1 14-124; Kounnas, M.Z. e/a/., (1992) 
J. 5toi C/k?/h. 257:12420-12423; Strickland, D.K. tfoi, (1991).7. CAejw. 

* 266:13364-13369)! Receptor-specific IgG were elected jrom the LRP-1 and 

* ''/w? f. ^ w. i •;■ i. "*?'• ^ v ' • r ^- : <->>•■'• 3" a • - ■ * a : 

LRP-2 sera by chromatography on columns of either LRP-1 or LRP-2-Sepharose 

r,e:o * i: r f. ij'j'.. ■ -TJ/.t.r-- ^" vires 1 "Uj'c r • ,T £ 

(1-2 mg receptor/rhl resin). Control rabbit IgG was purified from non-immune sera. 

IgG from each preparation was purified by affinity chromatography on protein G- 

1 Sepharose 'and absorbed on a column of RAP-Sepharose (2 mg RAJVml resin). 

Rabbit anti-murine PAI-1 serum was from Molecular Innovations (Royal Oak. 

Mi). ' . , . 

' CeUs 

Rit pre-type II pneumocytes (Mallampalli R.K., et. al , (1992) In Vitro 
Cell. Dev. Biol 28 A : 1 8 1 - 1 87) were jgrown in Waymquth' s media (Gibco) 
supplemented with 10% bovine .calf serum (Hyclone, Logan, UT), penicillin, and 
streptomyan. 

"7. ' . -i. - r " 

Solid phase binding assays 

'Solid phase binding assays were performed as described (Williams, S.E., et 
'al?(\9&) ; TBi6L Oiem. i^7:903$-904d)" 1K I-thrombin:P/J^ complexes (InM) 
in the presence of increasing concentrations of unlabeled complex or RAP were 
incubated with micrdtiter wells coated with LRP-K LRP-2 or BSA (3^ml). The 
program "Ligand w was uisttd to anaiyze the competition l clata ah ci to determine 
dissociation constants (Kd) for receptor-ligand interactions. 
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Endocvtosis and degradation of thrombin and uPA 

Type II pneumocytes were seeded into wells .Qf. 12- well plates (1-2.5 x 10 5 

*' • oH- c^tii ?°*k? o rt' i. • T - ' ^ : 

cells/well) and grown 18h at 37°C, 5% C0 2 in Waymouth's medium containing 

* * "."1* i ri'Stji Ltt ll~Tf. •-.«... vii *) 

10% bovine calf seriim. Before addition of 125 J-thrombin:inhibitqr complexes, the 

5 cells were washed twice in serum-free Waymouth's medium and^incubated for 30 

. . v.;x ?.t;^; *v . - « ' - - ! - 

mm in medium containing 1 .5% BSA, 20 mM Hepes pH 7.4, Nutridoma serum- 

substitute, penicillin, and streptomycin (assay nfiedium). 125 I-complexes in assay 

medium were added to cell layers and incubated for 4-6 h at 37°C. Where 

* *"?.. >r_ ?Ji 

indicated, unlabeled thrombin* AI-1 (800nM), RAPYlpM) or IgG (ISOfig/ml) 
ib' " 'wereTadded 30 mm prior to addition of l2f I-ligand and were kept present during the 

assay. The quantitation of the amount of endpcytbsed and degraded ligand were 
::UKA " 7 done as'descriibed in (Stefansson, S.e/ a/~ (1995) J. Ce//5c/. /Off; 2361-2369). 

Briefly, following the incubation period, the medium was rernov^l from the cells 

and precipitated with 10% trichloroacetic acid. Soluble radioactivity was taken to 
15 represent degraded ligand. Cell layers were washed twice with serum-free medium^ 

and incubated in serum free-medium containing trypsin and proteinase K 

i-vr.-r t . ».j bi"r.y- «; / 0 1 . 8 :d£: .ncC • 'i*--"< ■.. r - - * 

(0.5mg/ml) and 0.5mM EDTA for 2-5 minutes at 4°C. t The cells weip then 

centrifuged at 6000 X g for 2 minutes and the radioactivity in the cell pellet was 

{ '^7 Irri r s :r D't^ ;rf.-2- 'iKA'r. .rjru«\ri s ; -- - — ^ 

taken to represent the amount of endocytosed ligand, 
ltA c "t : f ^l v f^j^ioR net i--" :tua^ 1 LM -*-^ : ^- r • 

20 To evaluate the effects of wild-type and mutant PAI-1 on the clearance - 

(endocytosis and degradation) of exogenously added 125 I-thrpmbin, cells were 

grown in medium containing 10% serum as described above. Washed monolayers 

were then incubated either with wild-type P AI- 1 ( 1 OnM) pr mutant PAI- 1 ( 1 OnM) 

for26minat37°C. !25 I-thrombin (10nM) or ^I-uPA (lOnM) was added and 

25 incubated for 4-6 h at 37°C. Where indicated, RAP 0nM)was incubated for 30 

min prior to addition of the ligands. 

To evaluate the effects of native versus conformational^ altered Vn on the 

? -c, >-o i -.iT.^r ^--"-i 

clearance of exogenously added PAI-1 so4 active l25 I-thrombjn,. cell? were grown 

in serum-free medium for 1 8 h at 37°C on tissue culture plates coated with 0. 1% 

30 gelatin. Mwiium.wasjemoyed and assay mediuip a^Jecifpr l .h v at 37 { °C to block 

unoccupied binding sites with BSA. Cell monolayers: were incubated with either 

.;.:ci . '* o: -cr..c i :i - w > ; * ■ - s 

native (50nM) or conformationally altergd;yn (50nM) for 1 h at 37.°C Cell 
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monolayers were then washed twice with assay medium to remove unbound Vn. 



Wild-type PAW (lOnM) was added and incubated"lFpr"l h at37 0 C.'' i25 I-thrombin 
(lOnM) or l25 I-uPA (lOnM) were added and incubated for 4-6 h at 37°C 
II. Results 

The efficient endocvtosis and dejgradation of active thrombin depends on 



PAI-1. 



When the endocytosis and degradation of exogenously added active versus 



active site-inhibited I-thrombin was compared, the active thrombin was more 

• o;-' * • :j *\\ ; ' . — oc :o r,c;.-:a:^ n :> " j i^ : :j.uu 
efficiently endocytosed and degraded (Figures 8-9). Considering that the clearance 
: a. r \ . *■ u s r-£-2* :'. . j: 

10 of two other proteinases, tPA and uPA have been shown to be augmented by 
: ' '*".*> ' r- r. . , ; * ,1 v-; ^.j 

complex formation with PAI-1, the possibility that PAl-1 was mediating the 

: - : -1 r yd: 

clearance of the active thrombin in the cultured pre-type II pneumocyte cells was 

investigated. Pretreatment of cell layers with PAI-1 antibodies resulted in the 

''■/""ik *t~: % ' r .^c: a nr..: • \. 

inhibition of both endocytosis and degradation of active I25 I-thrombin whereas 

15 control rabbit IgG had a negligible effect on either process (Figures 8-9). These 

vv :■; :air. : ; ...Vl.v.,:?. .ir*;- r 1 .2. r-I .li .v 

data show that active thrombin is endocytosed and degraded and suggest that PAI- 

. > v ..; ■ 'c?.': 1 ::i ^ ; ic: .*o-:?t .^.ris A:ir 

1 is involved. 

Thrombin in complex with PAI-1 is more efficiently endocytosed and 
" ' v 1 degraded ^'compared to corii^^xes witH' ATHL HCII ; or a|AT 



- The relative efficiency, of celi> mediated .dearance,of l25 I-$rombin in 

complex with various serpins was investigated usmj^the pre-type^II pneumocyte 

, cell line. As shown in Figure^lOrU, ^J^l^i^jn:^^ 1 complexes were 

• endocytosed (panel A) and de^aded QwrnlB) at levels six-fold [ greater (w = 2) 

25 than complexes of thrombin and the serpins ATIII, HCII and : aiAT t or of thrombin 

,and the synthetic peptide inhibitor PPACK^; a - t r :5 ■ 0 p.s 

. - Members of the low density , lipoprotein receptor family mediate the 
endocytosis and degradation of thrombin:PAI-l ' complex. 

Considering that PAI- 1 facilitates the cellular clearance of active uP A via 

3 0 members of the LDLR family, the potential role of these receptors in the clearance 

ofthrombin:PAI-l with thrombin w^ studiel Vhe pre-type II pneumocyte cell 

line was previously shown to express two members of the LDLR family, LRP-1 

* and LRP-2 (Stefansson^ra). As shown in Figures 12-13, antagonists of LRP-1 
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and LRP-2 function, namely the 39 kDa receptor-associated protein (RAP), and 

antibodies to either LRP-1 or LRP-2 each inhibited the endocytosis and 

p. . J'' .5 :1 I :cl ^Jrc;. ! v:,i usb::; .•; ' ' . . l •. h: ' 

degradation of ,23 I-thrombin:PAI-l complex. The extent of RAP inhibition was 

similar to that using excess unlabeled thrombin: PAI complex suggesting that 

x l « !i 

5 members of the LDLR family were mediating the endo'cyfosis and degradation of 

\: * >, i£" :o ,.y pi?. .h s'.s " *r_ _; . ••; 

thrombin:PAI. " ~ . 

The results indicate that at least two members of the LDLR family, LRP-1 

and LRP-2 ran mediate endocytosis and degradation of I-thrombin:PAI-l The 

inability of the combination of both LRP antibodies to inhibit endocytosis and 

10 degradation to the same extent as did RAP (Figures 12-13) suggests that additional 

LDLR family expressed by the pre-type II pneumocytesare able to endocytose 

?~j?n'M.\ jm { •■ / : s* >( y-: ;•' r»- . w: - 

thrombin:PAI-l. 

Thrombin:PAI^l complex binds LRP-1 and LRP-2 in solid phase assay 
Solid phase binding assays using purified components were performed to 

15 determine whether thrombin:PAI-l was able to bind directly to LRP-1 and LRP-2. 

' 1 \. 7::..oiq -3 !:if. .j . . ^r^ * iiiVij-jn . b£; ::d : ..r.;. t 
As shown in Figures 14-15, I-thrombiniPAI-l complex bound to microtiter wells 
11 . <n$'jh bis ^Low^o^ftt r oncii) y. :v ;-3r!: •/ 0.^ 1 

coated with either receptor. By fitting the homologous ligand displacement data to 

a model of a single class of sites, dissociation constants (KJ) of 3. 3nM (/7=3)and 
i 13iM t (^)[^? |lOTy^ to LRP-1 and 

J 0 LRP-2, respectively. RAP was found to compete for the binding of l25 I-compIex 
11 ar t6 VStttrec^ptoftT ]25 U 
^ :r. j;tx^^;^|^^ todtherr^tdf (K/i >700nM)i ro 

9 r.ijc. The rS»lits 'indicate that thrombiri:PAl-l complek bindS with high affinity 
x 1 ^ to iiRP^rand-tSKP^ Tfefect that P?U*1 binds to both recieptors yet is unable to 
5 l!; compete for thrbijnbmi^AI-l binding suggests*that the domplex possesses an ' : 
additional receptor binding'site not present WefcKer thrombin or PAI-1 alone: 



- The ability of P AI- Pto biWd -Vn feGilitaies riie : -efficient clearance of 
thrombin 



Because Vq had been shown to promote the inhibition of thrombin by P AI- 
0 1 , studies were done r to determine whether such a mechanism was involved in the 
, f ; ..pre-typp.II pneumo^te clearance of thrombin. Pre-type II pneumocyte layers 

. grown in seruip-containing medium were incubated with either wild-type PAI-1 or 
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' a mutant ?fa- I which is unable to bind" Vn but 'is idenfcaTto wild-type PAI- 1 in its 
' * ability to bind heparin or to inhibit uPA '(Lawr^ D A et 'if (1994) i B/oi 

Chem. '2&, 1 5223-1 52$8>! As shown in Figures 16 and 1 8, inclusion of wild-type 
'"' PAI-i promoted greater endocytosis'and degr^OTof to I-thrombin compared to 

mutant PAI- i .*" In contrast, the endocytosis of ,25 f-uP »A was enhanced to the same 
' " degree by either wild-type or mutant PAT-1 (Figures "ft and 19). RAP treatment 
" 5 blocked the wild-type PAI-1 -promoted endocytosis of both thrombin and uPA. 

the Results indicated that PAI-1 binding to Vn derived fom serum.is important for 



f the clearance of thrdmbin. The present inventors believe that the clearance of free 

with PAI-1, a pros 

otedb 



10 thrombin requires complex formation With P AI-1 , a process known to be greatly 
2 'accelerated by Vn. 'The low level of thrombin clearance promoted by mutant PAI- 
1 * Ri ; 1 " 1 was likely due its ability toform a complex with thrombin, albeit inefficiently, in 
? *' " ' ^absence of Vn. Giveri 'that heparin also stimulates complex formation although 
- less efficiently than Vn (Gebbink, R.K. et aL, (1993) B/c^^ 32, 1675-1680), 
15 proteoglycans present in the cell culture may act to accelerate complex formation 

" ' inlieu ofVa 'S 
" " ' " Vn uPAcfe^ce'^i^ J 17Midl9) was not expected to depend on the ability 

of PAI-1 to complex with Vn. ,,. 

: i V 2 To show that the PAI-f mutation did not effect the abih^ of its complex 

20 '" wi^thiombmtobindto 

" " PAI-1 or mutant PAI-1 were formed iw wiri>.' As shown in Figures 20-21, both 
types' of complexes were readily endocytosed (Fig. 20) and degraded (Fig. 21) by 
tne pie-type U pneumocytes! Both endo^sis'and de^datipn were inhibited by 

RAP. _\ _ . ' . Vi .. j : i z- 

2 5 " These results indicate that complexes of thrombin and either wild-type or 

- ■- • .<h t< . ••; t;/-i' \. /< 0 s- ■' ' , 125. 

mutant PAI-1 are recognized equally by LRP/eceptors, Therefore, when free 1- 

thrombin was presented to cells as in Figures., 16-19. the complex formation with 
PAI-i Vn was required for efficient complex formation between thrombin and 
"" PAI-1 'wnichWto'rapid Utfnneifiat^.endocytoaB and degradation^ £ 
30 ' PAI-l-promoted endocytosis and degradation of thrombin is augmented by 
native but hot cbnforma^ ^gllY.altered Vri — L_ — I — -1- 



' y'i. • >::■■■ 
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... ^ 

It is known that native Vn accelerates the formation of the thrombin:PAI- 1 
complex whereas conformationally altered Vn does not (Naski el al. , supra). To 

determine whether the conformational state of Vn influenced PAI- J -mediated 

bns ol ecua: 7 ! r.^c t.-. - ,11:.. 

cellular durance of thrombin, studies examined the clearance of 125 I-thrombin in 
• ; " :z noiisbfifret ^cra r ■ : so t M 

5 the presence of PAI-J and either native or conformationally altered Vn. As shown 
i . , A^-i""^ ifee. iz i . . 7-.. ' . jr 

in Figures 22 and 24) (using cells grown in the absence of serum to eliminate 

:m. r: 2n::S ; -t) i J-. 1 ! > .. : <r:. ✓ . :id s?. 

exposure to serum Vn), exogenous native Vn enhanced 125 I-thrombin clearance 

Conformationally altered Vn was no more effective in prompting the clearance of 

I-thrombin than was PAI- 1 alone. Given that glycosaminoglycans have been 

1 0 shown to promote inhibition of thrombin by PAI- 1 , proteoglycans may have 

contributed the low level of thrombin clearance observed with PAI-1 alone or PA1- 

S .;.f»itm ' j vr . ■ ] .-I u; ->i ! r.v { -;. j?,^ 

1 plus conformationally altered Vn. By comparison* l23 i-uPA clearance mediated 

by complexing with PAI-1 was not influenced by native or conformationally altered 

Vn (Figures 23 and 25). 

IS III. Discussion 

Based on these findings, it was concluded that active thrombin clearance by 

..'yi:.*r.::~.- i. ;c .urv ->..»fftr : r w AS?; rb-t : r f-lA^ jS n 'io u^I' 

pre-type II pneumocytes is mediated through complex formation with PAI-1 and 
- ' zfo fan* w ci r-: t.jr a^/v \ # f .,.iri,u'; A r •■ * 

the subsequent interaction of the complex with either LRP-1 or LRP-2. The role 

,rVfi:rv;-!.x .-.„. M/ 
of native Vn in tWs process is critical, presumably due to the feet that it augments 

20 the formation of the Arombin:PAI-l complex which is otherwise inefficient 

Vn binds both PAI-1 and thrombin. These binding interactions apparent! v 

tic c . ! 1 -vf. teiug: 1 n: ^.vo'fs «. m I :.; 4J - fi r.r- L* I : " L ' 

lead to' more efficient interaction between PAI-1 and thrombin. It is not known 
vHiZ v., r^tvl -)-'£n: g/Hi -;.vjr ^/ f . c 

whether Vn remains associated with PAI-1 and thrombin following their 

mteraction. Vn forms a ternary complex with thrombin bound to either ATIII, 

25 HCII, proteinase nexin I or a,AT-Pittsburgh (IU, C. R. etal. (1985) J. Biol. Chem. 

260, 15610-15615; Rovelli, G. etal., (1990) £mt. J. Biochem. 192, 797-803 

D.-'i .i*rv. •*i.-.ri» ... c • :- v ':':vlL. 1 -v h::v^vv!-;> rn. - ' 

Tomasmi, B.R. et al ( 1 989) Biochemistry 28, 76 1 7-7623). However, the PAI - 1 
r!; " r Jin £i T-'>rj r ; : »r c:!s^- j* c. ..1, 

Vn complex dissociates following the interaction with either uPA or tPA. The 
r — -r. . :■: :ic :ir r. . ,1 >' v '' ; ,*j ; ,3 v ! f^f./pf cl^* ' f - -.m 

above experiments did not evaluate whether Vn was endocytosed along with 
• ' ^ .rji .a ■ 1 ,\-;.V.5 I :» r..*, *<2 b'W. A v ; lA.'i 

thrombin:PAI-l complex. Other studies showed that active thrombin but not 

"^Jn^rtfiyated tlironnbiim. proiwyfeed «he.oellEdar -c^ejBnnM of 125 Unative Vn. (Panetti, 

T.S. et al. (1993) J. Biol. Chem. 268, 1 1 988-1 1993). Since inactive thrombin 
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• • c~ • vr 

does not bind serptos whereas active thrombin can, the authors speculated that an 
interaction between thrombin ahdisorae-^o^o^li^iior'fecilitated native Vn 
clearance. This is consistent-with the-present findjngs.qf. (a)-active thrombin being 
cleared more effiriortlVithan inactivated .thrpmbmand^O?) PAI- 1 antibodies 
inhibiting the clearance of active thrombin. ^results indicate the possibility that 
a ternary complex of thrombin: P Air L and Vn may, be cleared, The fact that RAP 
blpcks-thrqmbin clearance to the.same extentas excess unlabeled thrombin 
indicates that LRP receptors are primarily responsible ^ clearance 

process. « ..:'.-.<-" : 

A major concept to emerge from this study is tharf AM mediates thrombin 
-catabolism but it raises the question of when and where this might occur in vivo. 
-While PAI: 1 inhibits uP Aand tP A with a second-order rate constants; of 1 0 7 
,. MC W 1 , the second-ordovrate constant for inhibition of thrombin .is. about 1 0,000- 
• fold less: 5 The physiological relevance of PAI- 1 mhibitjon of^.rombin may not be 
c immediately obvious untilone consitlers.that cofactors suclras heparin and Vn 
-dramatically enhance jhe.abaity ; ofPAH inthe 
presence of Vn^the sejcsnd-orde^rate,constant .fqr the inhjbiuon of thrombin by 
i: PAI-l is;k\creased.by.more than twp c orders.ofina^itt,ide. ; ;TJiis effect makes PA1- 
1 ; Vn a; J 0-20-fold,betteranhibitqr-pf *hrombin : than ATHI (in,the, absence of 
heparin). However, in blood/.whsrejhe/.q^ 
higher than PAI-J,^AI.-4. as not likely to be an impqrtjmt,:^ 
thrombin. In extravas.cular .sites, such as in}the recesses of a-fibnntcontaining 
.. thrombus, the present myentorSibelieve that PAI-.l may act.as* physiological 
inhibitor of .thrombin. Fibrin is-thought t^s^questerrftrqmbin; protecting it from 
circulating inhibhors until jysis ; of ; the clot by plasmin. The thrombin thereby . ; 
released would be ayailableto drive post-clotting events such as mitogenesis and 
chemotaxis of cells inyplvedjn clot remodeling and tissue repair. PAH, derived 
from, (a) plateletSipr (b) synthesized by cells invading a clot or on the boundaries of 
! the cbt, and/Vn deriyj^from either platelets or blood, could inactivate thrombin 
. and promoteits clearance by LRP-expressing ce\h (e r g. smooth muscle cells, .. . 
. macrophages, fibroblasts).- This^could be the mechanism for the negative 
regulation of the post-clotting effects of thrombin. 



W0 97/39Q?S PCT/US97/06071 

63 



^3 



EXAMPLE ID 

• iv: r r: sri* i.'^frovi" ) * v ;■" : '■~ .* * . 
s; Interactipr^ of Different Conformersof P AI-1 with Vitronectin (Vn) 

The if^eh'tor^Hamih^d the'binding^f 6 different conformational forms of 
PAI- 1 to^oth-natiVelifiB &rw-tr&ted VrfP The results indicate that only the active 
5 fortn of PAM feiiidS iaWn with high affinity and suggest that the Vn-binding' 
* * domain of PAW i£ sensitive id the conformation of PAI- 1 and thus ifc activity 
state. 'The*6hdihgs skg£eWihat*he binding epitope ori^Al-l'inay hatve evolved 
' siicR sferiSitivTty to* prevent- the accumulation of inactive PAI- 1 atnsites of subcellular 
attachment. — ^ 

!0/ i ;r l-itr : Materials * t- 'ov'-n* ' : . 

» ' • Purified PAI-T other, active (*95%) or latent (>95%> were obtained from 
: ^ Molecule Innovations (Kdyal Oak, MI). The PAI-I mutint^Q123K has been 
1 1 " prevfolisty desbribed, and was purified tb homogeneity in either*he active or latent 
' - dbtate^ mZifem. < 1992} ft Bioti&tem. 

15 " - * 2^1 2420-1 2423}rPuri^ 
3 -r ,5 ':orr^ frW ) and%ea^tirffie8 (*«V!*"j tfertfob&lrted from ? DrsSDVMosher and T. 
-^-TodBr/rtep^iv^ Rewnribiftarit Kig* ifibiaSHar Wofeht uPA *fcs obtained form 
! ' • • < r - ' Dr;7. HSnkiri of 'Abbottt^ktbries, and fPA (A^ivase) Wfes-frbm Genentech. 
- e^iPoreirie pancrda&fc dtestase was^dm^Elk^tin^Produfcts^ aricf bovifre* ^-trypsin and 
20 ' ' ' :y fr mfcarisl The eight residue £ 

: J. ^th^ie peptide Ac-T^ the 
v PAI-T -reactive cfeAtfeMbop'frbm P, 4 fo^Pr/rfesidues 333-340 of SEQ>1D NO:3, was 

•y ■'. syhthesizied-by theTJniversity of Michigan Biometficjd Research Core Facilities. 
5. -ic ^ Geheratiortof cleaved and gomplexed forms' of PAI-1 

25 • r : It. PAI-l cleaved at the F4 pbsftibn-6f thereactfve center loop (Lawrence/ P. 
^ A, :« a/., (1994) J: BioL Chem. 269:27657*27662) **s produced by treatment of 
< 4r6^M active' PAI- 1 with a 1/10 niotar equivalent of elastase fof 30 min. at 23 °C in 
:Tris buffered saline, pH "7.5 (TBS) follbiVcii by treatment of the sample with 1 mM 
"(final concentration) ofPMSF td inactive tBeelastase. T*M*-F complexes with uPA 
30 • and tPA were fortned by incubation of 1 .3 molar eqiiivailerits^of dthfef enzyme with 
4.6}iM active PAI- 1 Tor 30'miri. ai 23°C in TBS/followed byihactiVation of 
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residual enzyme by 1 mM (final concentration) of Af'ivISF. Following incubation 
with either PMSF or APMSF all samples haid 'no "detectable enzymaticactivity, and 
SDS-PAGE analysis indicated only trace amounts of unreacted PAI-1 in each 
sample. This residual unreacted PAi-1 is believed to represent the small amount of 

. v\r>:ji 

5 latent PAI- 1 contained in the active PAI- 1 preparation. * Complexes with bovine 
P-trypsin were formed by reacting 26 ^M active PXI-1 with 13 mM trypsin in 25 
mM solium phosphate, 125 mM'NaCl O^l^'ibtA, tfmM CaCl 2 ,* pH 6.6 for 
30 min, at 23°C, after which the remaining active PAI-1 was removed by 

chromatography on uPA-agarose. SDS-PAGE analysis indicated that the 

*• . ;.;■/* *: .. ~ * ""' ' ' .L ; 1 Voir.**? : 

10 complexes contained no detectable uncleaved PAI- 1 and about 20 % free cleaved 

PAI-1. The PAI-1 -peptide complex was produced by incubating 6.4jiM active 

PAH with 200mM' peptitie in 0.1M HEPES, 0.1 M NaCi! I'Vo PEG-8000, 0.1% 

n? "J : ' j: ' -v/ :r-iili % * . ■ ..^.jkv 

Tween-80, pH 7.4 at 25°C until no detectable PAI-1 inhibitory activity remained. 

The free peptide was then removed by chromatography on Heparin Sepharose. 

v'j ..- ; i > ' j ■ :i u v .'3 : • " ;>i.x ' -L- j.:'" v orvFrM- ' ; 
15 PAI- 1 -peptide complex formation was confirmed by thermodenaturation, mass 

spectra analysis, and by SDS-PAGE with and without tPAI The latter analysis 

•■/•';;:•. * n-* i „ i /.; V ^nti :vt .»c *^v>/.d^ ^r" r 

indicated that the peptide annealed P AI« 1 was a substrate for tP A and contained 

approximately 1 5% latent PAI-1, consistent with previous studies. 

o./f .vih":s b 3*. I. 1 3± ii; ./.:'hr*;q;;,; v.J '••£7? x~.3 y"'t&' • it .-i ^,*;r-/j 
Assay for various PAI-1 conformational forms binding to Vn: 

2 0 PAI- 1 binding to immobilized Vn was determined as previously described 

' ((Lawrence, DA, et aL (}994) JBioL Ghent. 269, 15223-15228))7 Briefly, Vn at 

1 Mg/ml in phosphate bufiFered saline (PBS), was coated overnight onto Immulon 2 

(Dynatech) microtiter plates in a volume of lOOjx! at 4°C, and all subsequent steps 

. r J ■ •■ /*"^ r - r >itf. •*" ic f**" r r»?r>Af 

were performed at room temperature. The plates were washed with PBS followed 
25 by dH 2 0, allowed to air dry for 15 min., and then blocked with 200^1 of 3% bovine 
' serum albumin in PBS for 30 minutes. Next, PAI- 1 containing samples were 
added, in a final volume of IOOjjJ, and incubation continued for one hour. Bound 
PAI-1 was then detected with affipity purified, biotinylated, rabbit anti-PAI-1 
antibodies (Shemian, P. M., et ai (1 992) J. Biol. Chem. 267:7588-7595) and 
30 streptavidin conjugated to alkaline phosphatase using the substrate p-nitrophenyl 
phosphate, disodium (Sigma) at a concentration of 4mg/rnl in lOOmM Tris-HCI 
pH.9.5, 5 mM MgCl 2 . For analysis of the PAI-l-anhydrotrypsin complex binding 
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t c 

to Vn, I.jjM (^ jp^ncen^ w^ included in all wells 

during the PAM jn^batiqn $tep. This concentration of { ai^ydrottypsin was 

20-fold higher thao the highest concentration of P AM . tested, and ten-fold higher 

■ -' l - - .-^ :c £:Ruo;n.. *ir.r :. .<;7-/« 

that the reported for th$ interaction pf PAI-1 and anhydrqjtrypsin. 
5 RESULTS . , 

Figure 26 d^njonstratejs that pure active P AI- 1 binds to both forms of Vn 
with high affinity. J^pweyer,. t^e Kd for ^Vn is nearly 1 0-fold lower than for n Vn 

(l50pM compared to 1.4nM). In contract pure latent PAI-1 binds to bpth forms of 

L"" "Tv . :s-v s-i.v «v; 'si. 3. " :fi. r . •*• - • - . ... 'tir; uc 

Vn with much lower affinity (Kj >225nM). These results support the contention 

h Jii-.. \?i£r -L'ii :v -ru :;~ !-i v 77- : w *;* >"V -nc«.yn 

10 that only active PAI-I binds to Vn with high affinity and contradict the suggestion 

that both forms of PAI-1 bind to Vn with equal affinity. The relative Kj 's 

calculated form the data in Figure J 4 are also consistent with previously reported 

values. Thus, the reported Kj of 50-190nM is much closer to the present estimate. 

.t .ifi' -is -- : J \-so7!'-i i'J*. .'j :":»■" ? - <'."'.>."- ,J2~"$2 T 

(The Kj values must be estimates since the binding did not saturate at the 
. - c .. Z r..'i£a.H re yr-^ i :.o?; • **c .. / 7r:s: v: ;,->.*/ e .nl *-{T. 

15 concentrations tested.]' For latent PAI-1 binding to either native Vn or dVn t the 

: j* *"t rr.u*. e:c"T^ri; v hv-i'V;; 25* sc 77 re:/;- :1 .-I /T 37 
> 225nM (Fig. 26). 

The observation that latent PAI-1 binds to Vn with a much lower affinity 

than active PAI-1 suggests that the conformational^ change associated with 

7*2 r-jjfvviq ; ; j ; 7; icL^ica;:- '! yr.stti ■• ; : i 'vt 7v :q*/s 
conversion to the latent form may be responsible for the reduced affinity. The 

20 present Inventors amftfieir colleagues (Lawrence ei al. t 19$4, supra) had 

suggested that stabilization of PAI-1 by Vn occurs when Vn binding to strand 1 of 

•* r? 7 ,/:i">i.. si 8-i ? i- r 7\„ *i f ;, c1 .r^^j A ;c \. - ' [ ; .v. is. - v .sr ■ . > 

P-sheet A limits the mobility of P-sheet A necessary for insertion of the PAI- 1 

RCL during transformation to the latent conformation. This model is consistent 

with the observation that reconstitution of the serpin P-sheet A from a five 

25 stranded primarily parallel p-sheet into a six stranded antiparallel P-sheet by 

insertion of the RCL into P-sheet A as strand 4, requires extensive rearrangement 

of jMrarids 1,2 and 3 of sheet A (Stem, P.'etaL, (1991) Mo). Biol 227:615- 

^,7.^1 uon ?rro j.^.;/.:-.-. :.■ * hv 7'"^-. . ' r : ' . .•' 

62 1 ). Restnction of this rearrangement by Vn could retard loop insertion and thus 

the conversion of PAI-1 to the latent form. The inventors predicted that 

30 rearrangement of sheet A would also modify the Vn binding pitope on PAI-1 . 

This proposal was supported by the results shown in Figure 14 indicating that 
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' latent PAI-1 , which has a re6i«ftiiae8 ! j^^ s ^«^bdth forms bf-Vn with a 
markedly reduced sbBRnity compared to activeTAI- 1/ •'•'■•■'* " 

The present inventors and coilea^eVinvei^gaied the binding of four 
' additional forms of PAl-Ao both native ind dVrCand ? iike latent PAi-1, each of 
5 these conformers is thought to have its' p-sheet A in the six stranded form. They 
include: 

( 1) " PAI-1 in a stable complex with either liPA dr tP A, ; Which was previously 
' shown to be craved at tfie : P i' positibn of tfie RCL' and : to : have the RCL 

inserted into (J-sheet A; .».-.-. => ■ 

10 (2) Cleaved PAI-1 that is uncomplexed but has a reconstituted p^sheet A; and 
(3) PAI- 1 annealed to a synthetic RCL' peptide, 'which has an intact RCL that is 
not inserted into p-sheet A but has aVeconsututed s'heet A due to insertion 
of the synthetic peptide to form strand 4 of sheet A (Kvassmari/J . et at, 
(\995) jftiioL Ghent. "2^:27942-27947). ! " i;: rM a * 
15 "' "" ' 'The'rerite w"&wnVftgure" 15.W dethdns^rtte M; like latent PAI-1, 
( " >y "' none of the' other PAX-fi^m^o^tb nVnwitnWgh affinity (estimated 

v rdative K^ >i00 nM)/ Similar results were obtiuhed'with iJVn. 
j - nii *'f ^ relatively low affinity oteaved f6rT>otKlh6#A-PAl-I and uPA-PAI-1 
J ' ' complexes^ 

2 0 disslci'aVe PAI-1 fronrsolul>le Vn (Beclerek 'el at\\ ml^^w^cax PAI-1 
" " can be removed from iCM'b^'e^^ 

Interestingly, PAI-1 in'oompiot witnlhe s^tlietic RCL^'eptide' shows the same 
reduced affinity for Vti as" thfofheV conformers". this indicates that cleavage of the 



RCL is not required for the loss of binding affinity, but' that "ft is the"' reorganization 
25*" of p-sheet A that is necessary," since in 'the PAI- 1 -peptide complex' the natural -RCL 
remains in^ct iKvas'sman; 1995, supra). Taken together'/tne results' suggest that 
the V^ndmg'ep^P* whtcfrihchidds stfiiftd l^bf p-sheet A, is. sensitive 
to conformational changes in P-sheet A. 
•' '*' ' ' '"" '" To confirm that it is the^rearrahgemeni of she'et r A that is responsible for the 
30." loss of affinity and not simpfy the association of PAI- 1 with anenzyme, the relative 
binding affinity of PAI-1 in complex' with either trypsin or anhydrotrypsin was 
"tested. PAI-1 is an efficient inhibitor of trypsin' and forms SDS-stable, RCL 
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r inserted jramplexes ^st a^^h^uPAor.tPA., In contrast, anhydrotrypsin binds to 
the PAI-1 RCL in ^ ijpq^y^ent association that does not resist in cleavage of the 
RCL,or its inse^oa into 0-sheet A. These results are shown in Fig. 28 and 
indicate thatjike ,uE| A^ai^d w tP A, PAI-1 -trypsin, cpmplexes have a very low affinity 
5 for Vn. However, PAI-1 in association with anhydrotrypsin Jrinds to Vn with 

essentially the same affinity as active PAI-1 alone. This indicates that it is not the 
binding of ag enzyp^ 1£ jto RJ3L that resuks in loss of Vn affinity but that it is 
, < . cleavage ? of the RCL and, subsequent insertion of the loop into J3-sheet A. The 
results strongly suggest that the reorganization of g-sheet A leads to the reduction 
1Q \ iri^AI-l^AflfcityforYn. ■ . ' . . ■ . . . 

. - Presently, .there has been only one region on.PAI-l that has been shown to 
. • , ., . ^interact with Vn (Lawrence <?/ a/. 1994, ^pra; Van Meijer e/ a/. (1 994) fiERV 
. rLe/r. JJ2:342-3#; Padnjanabhan, J. era/. (1995) JTiromA. Haemost 7J:829-834), 
and our data suggest that this site lps,es,affinity for Vn following rearrangement of ^ 
15. ^ (J-she^t A t - ; H<g!$y^C> PA1- 1 may have two^inde^^^ for Vn, one . 

. , TJ , , with high affinity, j^iat .is pply ! expressed on actiye, P^- l g and pn^e witMow affinity 

that is present onfall confqmatiqns. While it is impossible to completely = ^; 

off&ISM^bja^ then mutations 

a , <: -nithat^ijn^ v^ujd^ if the. - ^ 

... nir/ r a cpnfq^atipi^ly^^^ £ite jthcm a sin^e point mutation in PA1- 1 could affect . 1 ^ 
o;: : i 9r. bp ^ h ^ ^ !^ j n , ter ^f ti .°^ s: Apcordingly, the PAI-1 point ^ 

^ ?l , 7 . 4 mutation QI^K that has * gr^tly jeduc^J affinity for Vn was purified and the 
j ftf „ T lt active^n4 latent forms separated and examined for Vn binding (Fig. 29). 
2S. , TL Co^f>ariso^ of the binding of active and latent Q123K PAI-1 to nVn, with the 

.binding of active and latent wtPAI-1 indicated that both the active and latent forms 
^ j A of the mutant jpiiui to nVn with lower, a|Bnity relative to their wtPAI-1 counterpart. 
Similar results were obtained when dVn was used. This suggested that both the 
,high and low. affinity interactions utilize the same or at least overlapping binding 
3Q „ epitope(s) on PAI-L since they are affected to a similar extent by the Q123K 

, mutatioa. r T!li^mutotipn has no affect on the inhibitpry activity of PAI-1 or on its 
affinityfop heparin-Sepharose^ indicating that the affects of the mutation are local. 
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and do not introduce significant global changes ih'ihe PAI-1 structure. Comparing 

• * ■ * • ' . *j * ' * t \ t r, ******* ' 

the surface accessibility of Q123 on a modeloiacfive PAI-1 to its accessibility in 
"the latent structure inciicate that in latent PAI-1 Ql'23'becomes partially obscured 
by surrounding residues compared to Its exposure^ in the active form. This is 
consistent with the loss of affinity for Vri ofewvei with faient PAI-1, and support 
the notion that PAI-1 contains only one binding epitope* for Vn which* is 
conformationally sensitive. " r * i "\ " 

Recent studies of the serpin mechanism of mruT)ition indicate that it follows 
a multi-step process that requires an exposed RCL (Shore it aL 1 994, supra, 
Lawrence cif aL, \995}suprdr. Fa, M. efa/. (1995) B/oc%£ iV: 13833- 13840; " 
' Wilczynska, M. eidX (1995)7. B/o/. C/»em. 270:29652-29655). r Upori association 
'•' with a target proteinase the serpin RCL is cleaved ants PI -PI' bond and this is 
followed by a rapid insertion of the RCL into p-sheet A yieidingthe stable 
serpin-proteinase complex. In the present study we demonstrate thai the PAI-1 Vn 
' binding epitope oh ihe edge of p^sheetXis sensitive ?6 this Wrtforrnational change 
in P'-sheet A, as well as to similar changes a^ociated with conversion bf PAI-1 to 
'the latent form or cleavage in 'die RCL by a n6n-^g^ ? prbteinase. This sensitivity 
may provide a way to ensure &e expression of PAI-1 activity at specific sites of 
action. For example, it is thought that Vn serves to localize PAI-T to the ECM 
where it regulates local proteose activity 1987, supra). In this 

situation it may be beneficial to permit only functionally active PA2- Tib bind to 
Vn. On a cell surface,* an inactive lijgahd can be Internalized and degraded. 
However, this type of regulation may not be as efficient on the less dynamic ECM. 
Thereforerto prevent Vn from becoming saturated wth inactive forms of the 
inhibitor, a system may have evolved that is sensitive to the conformation of PAI-1 

"which is closely linked to its activity state. ' 

. ' t -j ,1 ' i .:• 

EXAMPLE IV . 

• : : PAI-J Prevents Infegrin yitronectin Receptor^ ;(avpj)-Mediated Cell Migration by 
. , • Blocking the RGD Cell Atta chment Site on Vitronectin 

r The-PAI-1 binding site on Vn was recently locali2ed.t0.the first 50 amino 
, .acid residues. This region also, contains the RGD. (Arg^GlyrAsp) cell, attachment 
site. To determine whether these binding sites overlap, competition studies 



between.pi^ri^ed VnR and .PA1-1 were performed. The competition of active 
wtPAM was compared to two different P Air 1 mutants. One, Q123K-PAI-1 has a 
single amino acid substitution, that does not affect inhibitory activity, but reduces 

its affinity for Vn approximately 2 orders of magnitude. The second, PlAIa-PAI-1 

* ';n:iV?i;;?oa;:5 2,; £.::.» "to-; . ; • s. ^ ;v. -v. {■ 

5 also has a single substitution (R3,46A) that destroys its ability to intobit PAs, but 
has no affect on Vn. binding. , 
Materials and Methods 

. Active forms of wtP AI- 1 and the P AI mutants were prepared as described 

• .. \:rr::: 7:2..^; s i;r .£ . ;i .:: :t : ■ : ' 

(KyassmaiL J. et a/.. Fibrinolysis 9:120-125 (1995)). Native Vn (Molecular 
10 . , Innovations) was coated to microtit^r wells (lMg/mO for 2 hours at 37^C, followed 
by r blocking with 2%BSA in 50mM Tris, pH 7.5 containing IGOmM.lsIaCl and 
5mM faCfe (Binding buffer). Vitronectin^ 
j purified from human placenta as described jSmith, J.W. etaL t I Biol Chem. 
\ ^541008-1 1013 (1990)). Radiolabeled Y^R (2.5nM) was allowed to bind to 
15 nii^ptiter wejfc in the presenc^ of increasing con^ntratiqns of dther wild-type f 
PAI-U Q123K-PAI-1 or PI Ala-PAI-1 . ,The samples were processed as described 
(Stefansson. <?/ a/., 1995, svpra). , The results (shown in Fig. 30) were plotted 

2 0 T - -.In, the experiment shown in Figures 3 1 and 32, ,25 J-VnR (5nM) was 

allowed to bind to native Vn (Fig, 3 1 ) or fibronectin (Fig. 32) coated on microtiter 
bf : (>toes intfie presence of ^^y500n^, and Pl-Aia-PAI-1 (500nM), unbound 

PAI-1 was removed and uPA (400nM) was added where indicated. A mAb 
Q specific for integrin Ovpj, ,LM609 (SO^ig/ml^ was incubated similarly as a positive 
25, . ..control for inhibition of binding., Samples were incubated and developed as 
described above (for Fig. 30). The results represents 2 experiments, each 
performed in duplicate. 

In the study depicted in Figures 33-34, rabbit SMC were detached using a 
5 : non-enzymatic idi^ssdciatton M 

30 serum-free medium rontaim^e^ or PlAla-PAl-1 

(75nM final conc^triarttcm) and allowed to r; attach ; f6r 3X) nihrat 37°C. The plates 
were washed ahd stained' Using 2% crystal violet.^Ceils were counted on two 



random fields in duplicate werfs".' ? The results repl^ht'4'experiments performed in 
'dupiicate. ' . ' ' " C -' ' V ' ^ M " : ' ' 

In the next study ;: , Transwells were i 'wJated^vith' Vn and blocked as 
described above" for Fig. 30. Rabbit SMC were detachied using a mild trypsin 
treatment, washed in 0,5mg/ml trypsin inhibitorand pelleted by centrifugation. 
Cells were allowed to attach' and spread 6ntfie"uppeV chamber in serum-free 
medium (6.5-1 hour) before PAI-1 (566nM) was~added. After 30 rrtin incubation, 
serum was added, and the wells^were incubated for 3-4 hours:' Migrated cells were 
stained and counted". 

Results 

Both' active wtPAI-1 and PlAla-PAI-fwefefound to be'efficient 
competitors bf the binding of purified ^I-VriR to T native Vn "(Kj was about 4nM, 
Fig. 30). In contrast, Q123K-PAI-1 was a poor competitor bfVnR binding, 
yieiding'an estimated K ; greater than 1 00 nM s Together, these results 
demonstrated that the high affinity of PAI-'l for Vn, and not the ability of PAI-1 to 
in&bit nnspoiitil&'foi iuW idwfedoii bf VkR binding to'Vn. ' 

'' 1 Ndthe>''thc : wi affected binding 

of l2J I-VnR to fibronectin, indicating the specificity of the interactioritfor Vn. 
' ' " pfi-l undergoes profound wifformatibHal changes upon inhibition of a 
proteinase (Shore eiid:, 1995, ivpraj, whTch Mea^ 

Vn. 'therefore, PAs might be expected to "regulated to block the 

RGD site on Vn. To examine this possibility, competition assays were performed 
with and without uP A'. uPA in 2-fold molar ctiifiplet^ bloclced ! tne ; inhibition of 
'^I-^nR biwfiiig^ Vn'ty w^AM^I*^ 31 - 3 *)' these'findings are in accord 
with the observation that the PAI- 1 fiiPA complex hal'significantly "lower affinity 
'for Vn than does the VnR, allowing the VhR* to displace the PAI-1 :uPA complex. 
As expected, PlAla-PAI-1 dW not reduce the inhibition ; "of VnR binding in the 
presence of uPA, content' wUtiihe mutants lackof reactivity with UPA. 

A mAb specific for integrin a v pV LM609, inhibited thebindihg of ,2i I-VnR 
to Vn to the same extent as did PAI-1, indicating that (a) the VnR preparation 
contained primarily ctvpj and (b) PAI-1 Specifically tlocked the binding of a v fr to 
Vn (Figures 3 1-32). ' ~ ! " -. 
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. To test whgthsr.P AJ-J cpujd.similarlx inhibit the interactions of cells with 
Vn, adhesion and migration assays were performed with vascular smooth muscle 
cell? (SMC). Both .active wtPA 1 ^ 1 and PI Ala-PAI-1 inhibited adhesion of SMC to 
Vn (Figures 33-3,4).,, In cpntrast c Q123K-PAI-l did not inhibit adhesion, indicating 
5 that the bindipg^ofPAI-l.tOrVn, and npt the ability of PAI-I to inhibit PAs, was 
responsible fijrblockipig ^ attrelunept. Furth^ore^ addition of uPA to wtP AI- 
L lfbpund^yn^en^ the^hibitiqn qf cell^ttachmeift whereas uPA had no 
: ..affect on thejnlybition ,9£SMC r ^ttacjiment. by PI Ala^PAI-L t _ 

Interestingly, whereas PAI-1 inhibited adhesion of SMC, the mAb to avfr 
1 o did not, indicating that SMC must have other integrins that pl*y a role in 

, attatfwnept to. Vn,,iMid .that PAI-1 blocks access to all of these adhesion molecules. 
r - , Consistent with ^he results using purified VqR, J* AI- 1 had no effect of SMC 
. „:t. adhesion to fibfonectin^ : . , „ . • - . j 

. r . Active wtPAI-1 and R346A-PAI-1 also inhibited SMC migration, as 
15. - measured in Transwells coated f with Vn, .TWs.inhibition was similar to that caused 
by L^6D9. ^ pi^3^«E^-l ^uUnt^id not inhibit migratipj^. As with cell 
, _ f Attachment,^ but not by PI Ala- 

. >c n >:. : i . rt^P^^m^^^^i feV 8 ^ a -S° r m0D0,ayer 
^•{.'iaT -^^i R>°?uf ies of ^ A^i^uiiKM^tes on a Vn-coated 

; 5ujfee^\ye^pjOlis^Yed n^crQ^cppicaljy, The.results indicated^ the, PAI- 1 
jj . ... ,. K ^mu^jwthjow.a^nity for . Vn had no. effect on ce^ll migration. ^4 type PAI- 1 

v .^nliibitedmigration. The presence of PLAJa PAI-1 mutant not only prevented 
L ,.., e „ ( jiugratipn bvtt actually xesulted. in holes, in the rt inon9layeritseff indicating 
.25.-. . .detachment of cells from the plate. The; anti-Vn antibody had similar effects. In 
y cf^ontrast, yrfl4type.PAI-l, which binds normally to the Vn binding site, had an 

mterm<pdiate. effect ^ove r wjth;tWnning h pf t|ie i^onola^ due to inhibition of 
- , migration, but withput the stark effect of the holes whidi were caused by the P 1 
Akihutant., ,,,, ... ^ r:! ; :v ^ 1 ;^,:^ ; ^ v , ; ., 

3/3 , r Discussion. , ; £ } . f >>>t , ,, . B , r; ,, a , ? g . . 

.. . , r - Yn has known. profound effects on tfie r properties ^^of PAI- 1 . In addition to 
stabilizing PAI-1 in the active conformation (Declerck,.?. Verb K. 4pad 



ires 
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Geneeskd Beig. 55:457-473 (19$)), Vn also alters the specificity of PAI-1, 
rendering it an. efficient inhibitor of thrombin (Naski et aL - supra) and mediating 
the clearance of thrombin by cellular receptors (see above). Based on this, the 
present inventors conclude that thrombin, a known mitogen and chemoattractant 
5 s (Bar-Shavit,.R. ef a/., G?// /fegt/Z. 7:453-463 (1990)) may promote cell migration 
by removing PAI-1 from Vn. Others have shown that both elastase and cathepsin 

— • • • a .*. / . v > :.\ « • i 4 / 

r G produced by activated neutrophils can efficiently remove PAI-1 from the matrix 

. \ :.; v - 4 i i - . ; - " i : • v ■* c ■ .w*-* - ... 

(Wu, K, ai. Blood 86: 1056- 1061 (1995)). Since PAI-1 is a substrate for these 

latter proteinases, only catalytic amounts would be required to inactivate PAI-1. 

10 This could account in part for the remarkable ability of these cells to migrate. 
- :~ _ . * 1 r » , • ?• o 

Together, the above findings indicate that a wide variety of proteinases, 

^: •>.... '.' r r-. ; fr^.;- , i • .r. y - -1 

. even those which are not targets for PAI- 1 , are able to interact with PAI- 1 and 

i- \\ ...j. oUf.-v : »-j r.;-"-.*: ^ y. e.: /*" V.. • 

expose the RGD integrin binding site on Vn. Such a general ability of many 
V. *c- Kj i s' ; .s*. . ':C£'r«o r.< ... •*;;r!iv ; ' •T , .n.' r . t . ;:f. -r -.-v 

divergent proteinases to modify cellular adhesive properties through a common 
K ;. /i. / . v;.- A " \ -v f / f \ :; \ .\;;v';: •;:..*/;•. 

15 mechanism suggests that the known relationship between increased cell migration 

and proteinase activity in a wide variety invasive cellular processes is mediated at 

least in part by proteolytic interaction with PAI-i . The present inventors also 

conclude that the role of proteinases in cellular migration may not simply be that of 

generalized matrix degradation but rather the generation of cell attachment sites 

20 . through specific interaction with PAI- 1 . 
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. EXAMELE.V. 

Chararterization of the Binding of Different Conformational 

- • - " - ^^^fPAY-lfoVifronectin - ' 

*i . m::) 2io xtT*. u ! i ; ■ \ . . { • /• 

The inventors examined the binding of different conformational forms of 
r .~ ::n\ word a *' :; 7 ■ .^; r ' . :?. 

5 PAI-1 to both native Vn (nVh) and urea-purified Vn (uVn) using a solid phase 
~. . . . t-; * C \ * \.\ \ "^-"v ' 

binding assay and found that active PAI-1 binds to uVn with approximately 6-fold 
l . i *: \ 'i -.wra -:>\ sr i&r.rV ' ' - 
higher affinity than to nVn. In contrast, inactive forms of PAI-1 (latent, elastase 
r"' ' 0 ^vr.: o. y^oivTis .v • . .-. . • 2L :t u; ») 

cleaved, synthetic reactive center loop peptide annealed, or complexed to PA's) 
.t,: 2 i*::rfj/. J ::I : : ~u iZ ...... " - • ' ^r. ^ . .i- - *i 

displayed greatly reduced affinities for both forms of adsorbed Vn, with relative 
mV.'i < \U *;.*c .»i;jc*- ;■ . • j jro : ■ >». :• -y^i* . • 

10 affinities reduced by more than 2 orders of magnitude. Structurally, these inactive 

conformations all differ from active PAI-1 by insertion of an additional strand into 

- :> -v ■■• ? 7 

f^sheet A, suggesting that the rearrangement of sheet A is responsible for reduced 

i. At '":;/</ *i .'v -.\ .v.. ..^ i.: ■> i vl. t ' -. » 

Vn affinity. This is further supported by the observation that PAI-1 associated 
Turn' •;: , !;> I; v. . ■■ • \. s d z.v t \ \ . C *. *«. 

with b-anhydrotrypsin (which does not undergo rearrangement of P-sheet A) 
- "V - *. .."./"•^ <vi. i« \L '"I:!-- ' rx; .!■*.•-** .^X 

15 showed no decrease in affinity, whereas PAI-1 complexed to b-trypsin (which does 
T- - -^ !: j.;.'.-:/:-^-; - .:•}•*._ : r :: 

undergo sheet A rearrangement) displayed reduced affinity for Vn similar to PAI- 

1 :PA complexes. Together the results demonstrate that the interaction between 

PAI- 1 and Vn depends on the conformational state of both proteins, and suggest 

that the Vn binding site on PAI-1 is sensitive to structural changes associated with 

20 loss of inhibitory activity! 

As described above, PAI-1 bound to Vn in the extracellular matrix has been 
shown to block the binding of integrins (Stefansson, S. et aL (1996) Nature 
555:441-443) and uPAR (Deng, G. etal (1996) J. Cell Biol 75*1563-1573) to 
,Vn , and this interaction inhibited cell adhesion and migration on Vn. The precise 

2 5 nature of the PAI- 1 /Vn interaction has been the subject of considerable debate. 
Using solid-phase binding assays to quantitate this interaction, several studies 
mentioned above suggested that only active PAI-1 binds Vn; however/others 
reported no apparent difference in the binding of active and latent PAI-1 (Salonen 
et aL supra;, Kost el aL, supra). In addition, the reported dissociation constant 

30 for PAI-1 binding to immobilized Vn ranges from 0.3 nM to 190 nM. The Vn 

binding domain within PAI-1 is localized to a region on the surface of PAI-1 that 
includes b-strand 1 A. The Vn binding site for PAI-1 appears to be localized to the 
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somatomedin B domain at the N-teimnu3 of Vn,' ildtndtigfr other reports suggested 
ffiat PAI-I binds to the C-terminiis'of Vi^betW^iTresidueSs 348 aiid r 370 (Kost ci 
aL, siipra);of to a site near the center of VffbdwlBeh artuno acids 1 1 5 and 121 
. ' (Miihurb et aif Biochemistry 32:23 14^2320X1^)): * ' 
5 " ' v The present' inventors pdstufetecilhsS'i criti^ dejtendeiiee of the PAI-l/Vn 
interaction bri the PAI-l and/or Vn cbhfonriafjdfi : c6utd ixpilaih ihese conflicting 
: ' r reports.^ to test this hypothesis th'e following w&e performed in which the 
3 bin<iirig of PAI-l in six different fonfom^ uVn were 

examined. Tte results indicated' that tte two fOiifis of Vn bind to PAI-l with 
10 markedly different affinities and' that the Vn binding domain oh PAi- i" is very ~ 
sensitive to the PAI-l conformation/ There may have been ah evblutionary 
selection of the PAl-1 structure fopermit efBciem^rembvarof inactive PAI-l at 
sites of subcellular attachment. " w " * **' " * 5ii 

Ex perimental Procedures 
15 ' " i; $aiehalsL Purified PAi- IV ^th^r active '(> 9S%)"br tetiaii (> 95%), were 
obtained from Molecular Innovation! (Royal Oak, MI).' To elirhinatfeWy active 
Pyfr-fpr^ ^^reait^fwith a 1/100 

molar equivalent of jelastase fbr-30 min.at 23°€>iiuZjas buffered saline, pH 7.5 
, i ^(TgS) followed by mactiyation Qfjth^elastase wjth l.i^ ^final roncentration) 
20 PMSF. Purified nVn was obtained from Dr. Mosher^and uVn was either . „ 
recejygd irom Dr. X. Podor.or purchased fro^. Cal^ipchem. ^Recombinant high 
molecular weight uP A was obtained from -Dr. J. Jlenlcin of Abbott r Laboratories, 
and : tPA (Acti vase) was from Genentech. . Porcine pancreatic ,el^stas;e r was from 
Elastin Products, and bovine brtrypsin ajid ]b-anl]^c||^r^su[i . asL descnbed earlier 
25 The eight resitfue.synthetip peptide Ac^r^Vd-Al^Sp-S^-Sc^-^-Ala 

t corresponding to the PAI-l reactive f center loop from .Pu .tq P7^jesidues 333-340, 
k . ■ . f Ayas sjpithesized by, the. University of Michigan Biomedical JResearch Core 

■i. Generation of, cleaved, and complexes fonns of PAI-l was accomplished as 
30.. ..^ descphegb #i r . r 

^ . : PAI-l binding tOr Vn was determined ejther functipnally as describe din 

Example III, or in a Vn specific ELISA as previously described f Lawrence et a!., 
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1 994, J&pr% 9$$^ jj^ftt J.^^ in phosphate buffered saline (PBS), was coated 
overnight ojrtp InuuuipnJ? (Dvnatech) mi<?rptiter plates in a volume of 100 filat 
4°C, and all ^bseg^g^t ^t^s^were performed at rpom temperature. The plates 
were washed with BB^ followed by dH 2 Q, f allowed to, air dry for J 5 qnin., and then 
5 blocked with 20^^^^ in.PBS for 30 minutes. Next, 

PAH ^l4^Jp k .^BjS. ^ai^ng 100 jjjg/ml BSA and 0.01% T ween «0 were 
1( added, in a finaLvQlume q£100 ul, and incubation continued for one hour, after 
which .the abound PAI-J^as gashed away., During this incubation period < 15 
% of the active PAJd should have converted to the latent form, since we have 

10 determined the t* for this conversion to be ~ 8 hours at 25°.C in the absence of Vn 

-.ivvs 1 i-i. . r r iO: i.c «. x.* r-fi ..: * v.:r. .tct o tft 0 

. (data ijot shown^. In Afunctional assay P AM binding was determined by 
. ' reactf^g tjhe bound.P^- U^ith .0 J^nN^ uPA, fpr 30 minutej^pllowed by the 

addition of the chromogenic substrate S^444^(K^)i) as described by Lawrence et 
cd.(J. BioL Chem. 265 :20293-20301 0990)). Tfoe PAJkl bound was then 
f . 15 r - calculated jfrom$e lpsg of uPA ainidolytic agHyity. K^.fo^e solid-phase bijiding 
^ \y s r immq!^li^j± # Y^WCT^ of the 

5 " .sr*?> b >-?r Eq2atidn c L: isyw {L]tCap / <Krf*fe{L]> •<■:*%■ : u •<>" si :r. 

(; ^Vey & r ^kW Vn 

:±.v. :?.;n-.:nrr f|, e r vjj|-jg^^ £&ay ^as '^orhieci Wabbve Except that bound 

, . : ncir : o(p^j ^ det^df^ ^ith affirtjty\)i^^^i^j^atcid^ 'niBbifanti^ AI- 1 antibodies 

v anH kfepti^diii'&n^gawS to ^liffline phoSphataiSe using the substrate 
?;r.iia L ! ^fiitr6ptie^ph^ (Si^m^'at a concentration bf 4 nig/ml in 100 

25 " L mNT Tilis-lfci pH 9.5, 5 all assays 

< Myftjfe ]jiniuftknci)&ly analysed r b€jil^feVcoatelf with BS/faloiie auid processed in 
: '° parallel. The backj^oUnd bidding to BS A w& sBbtracte^ from'lai sarriples prior to 
data analysis. For examination of the P AI- 1 -anhydrotrypsin coniplS^ binding to 
u J Vrt 1 \xM (^nd toncintratib^>oif i^ all wells during 

30 the P AI- 1 incubation step. This concentration oVariiydf btrypsitr Was 20-fold 
" ' J ' tJt highef thaH the hi^^V<*ncentritioii &^PAI-1 test^d, ! aiid ten-fold higher than the 
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reported K</ for the interaction bffrti-I arid affiiydfdfiypsin (17). For data analysis 



of ELISA experiments, (the Ki was estimated foVactive' PAI-1 with equation 1 
above by assuming that PAI-1 bound as a : percent" of the maximal binding was 
proportional to the actual PAI-f Bound and that free PAI-1 was approximately 
equal to PAl-1 added. For the inactive PAl- 1 ^ples^amined hb Value for Kc/ 
could be establishes since none of these samples achieved saturation ait the 
concentrations tested. 

ft « S 1» '•"< 1 ' * : •"■ ■ * 5 'l iT' "* 0 i"'"r 

Competitive' inhibition of PAI-1 binding to immobilized Vri bv solution-phase 



r.;:: • -..i- . >:• 



■ * f j « . * ,rT' r ■ , *. ■** *■'■? *»■ .v- » . ■ * ■ -*. • -i " a * * 

10 Microtiter plates were coated with nVh, arid blocked with BSA as above. 

Next* either native or urea-purified Vn was added to the plate and serially diluted 

three-fold in TBS, containing 1 00 pg/ml BSA and 0.0 1 % Tween 80," after which 

active P AI- 1 was added to a filial concentration of 2 nM (final volume 100 jil). 

The samples were alloweiito react for 1 hour at 23 G C, wished ami bound P AI- 1 

15 ' ' determined as in the ELiS A assay as' above. IC 5 o values for flie iAiubltion by 

........ ^ solution-phase Vh were calculatol using a four parameter logistic fit from the 

'* GraFit program (Eridiacus So^warej. Tlie K/'for 'solution-pfiase interactions of 
PAI- 1 with Vn were determined by analysis of competition "data by methods 
previously described (Olson, "tf?ist at 9 (1 99* tfXfck hocftem. Biophys. 286, 

20 1 533-545). According to tiiis asiafysisf tAe <»ncentf adoii of Pi^I- 1 toiihd to the - 
competitor Vn.in solution is equal to the difference between the total PAI- 1 
concentration used in the 'presence of the competitor and the total PAI-1 
concentration yielding an equivalent extent of saturation ; of the immobilized Vn in 
the absence of the competitor." The" latter 1 was calculated based on the fit of binding 

2 5 data in the absence 'of competitor Vn ("Figure 37) 6y equation 1 . Knowledge of the 
concentration of PAI- V bound to competitor Vn in solution "allowed calculation of 
the concentrations of free PAI-1 and free competitor Vn for the solution 
interaction from whuch was calculated. Reasonable agreement was obtained for 
values determined at competitor Vn concentrations yielding significant extents 

30 of displacement of PAI 1 from the immobilized Vn (>15%)/ 
Results and Discussion 
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- ^The basis for the debate in the literature concerning the interaction between 
Vn and P ( AI-Lmay be the.cttnformational. variability of both proteins. This study 

directly examined.the binding of alternative conformations of PAI-1 to both native 

r.,:: ta» .0 !ns:/;;>q 0 ; :.r. *#i - - .* j-i -L" • > :. 

and urea-purified Vtl Previously, we described a functional assay for PAI-1 

wra ;s'I5 l::; ♦ ; r ■ v... 1 ;. .; xo-i 

5 binding to Vn, in ^hich ^y^PAI-I was shown to bind specifically to surface 

adsorbed nVn in a dose dependentand saturable, manner.. This assay was used to 

compare the binding of active wtPAI-1 to both forms of immobilized Vn (Figure 

35). These results demonstrated that both urea-purified and native Vn have a . 

similar binding capacity for active PAI-1, and that active PAI-1 binds to both forms 

10 d( jvith l^h affinity. ^towe^, the calculated for jthe iipnobili^ed uVn is 

.... approximately 6-fold, lower than for immobilized nVn (127 ± 20 pM compared to 

. i ? i/.«o / £ f 2? .. _ C" a.. - , n - ~ . -tn'..- s , -p/ 

825 ± 190 pM). This difference may reflect.the diffisnmi conformational states of 

the two Vn.preparations, since nVn is predominately monomeric, while uVn is a 

l vmj v/ is.: Sj tvv - JC in o lift; <-•} y« - > A ^ : v;;^ 

disulfide linked mulfimer. The observation that PAI-1 has a higher affinity for 
.15 ^ ^inui^bil^d mult^eric^Yn than for immobtf^ consistent with 

the. result that PAI-1 isolated from plasma is predominately completed with a high 

molecular weight, format Vn,syen though Jhe majority of Vn in plasma is 

k •.* sr..-- s s «nq--icT Ji *; w; ,A •« , .^iir* i ro:/ tua, r^i^r *; :i LTru* 

monomeric. ■ . : 

.30' .;Jcx -oj; *-3 :m&o ic a-.^.sne vc I : .-.rr is-ob . ; rV .vrv. ,.L r ' T 

Therefore, to see if solution-pte^multimeric.V 

2 0 higher affinity than solution-phase monomeric Vn, competitive inhibition assays 

. , -^vere performed with both jnVn and uVn competing for PAI-1 binding to 

r immobilized nVn. These results shown in Figure 3.6 demonstrate that both uVn 

■i-i/W sj-i, ^rJ: *?rE igic^g iv.-v sru lo r-;;n£i^t ^ vni f ' i* *vr rt '*- ,f r 
and nVn compete for PAI- 1 binding tQ immobilized nVn. This suggests that PAI- 1 

. binds to the same site on both n Vn an&uVn, either when the Vn is in solution or 

' ; :.i ■ - h~"5 ;. ■ v -. -f. . - ■ ••n; j TO ■ l" 

25 immobilized. Furthermore, solution-phase uVn is a more efficient competitor for 

PAI-1 binding (IC 5 o=65 nM) than is solution-phase nVn (IC 5 o=375 nM). This 

approximate 6-fold difference is similar to that shown in Figure 35, and indicates 

, that either in solution or when immobilized, uVn has a higher affinity for PAI- 1 

than does nVn. Kj values of 20 ± 1 .4 nM and 125 ± 12 nM for the interaction of 

3 0 PAI- 1 with solution fprms of u Vn and. nVn, respectively, were calculated from 

these data. This indicates that PAI-1 binds to immobilized Vn with a significantly 
higher affinity than to solution-phase Vn, having an approximately 150-fold higher 
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for the solution-phase interaife with e^hhlrTom'of Vnl' This enhanced 
binding to immobilized Vn may result from ffie'dl^r^ wntormation that Vn is 
known to assume when it adsorbs to a surface'XSfockmanri, A. e/ a/.,., y. Biol. 
CHem. 2dS:22874-22882(l993)'; Prefcsn'er^TH 1 / at/'i 5Vo/. Gfc/n. 2(55: 18490- 
V 18498 (1990))': ' - ' • -'iv. .. not • j - = <■ 

To examine the binding of alternative ! co^ormatibWforms of PAI-1. an 
EUSA-based aisay Was performed smiiiarl^ above 
'except that PAlTis detected w'ith ah" anti-PAl.Ta^tib6dy;.perMttmg analysis of 
'inactive conformations of PAI- K Figured 7 sKbws the binding of both active and 
10 latent PAI-1 to surface-adsorbed urea-purfo&l arid native Vn:' Analysis of the 
bmdihg of acSive PAI-T to the two 'fon^ 

of 150 i 16 pM'with'uVn and 1300 I 200pKl H whh nVri. These values are similar 
~fo those calculated usmg thePAI-1 fimctional assay (Figure 35); indicating that the 
indirect antibody assay Ts also suitable for evaluating PAI-1 'binding fb immobilized 
is'* Vn. In contrast to a^Tfr-l,1fc«i K&l ^&t^'ftra&innK>bOizri 
Vn with much lower affinity. In this case a could not be determined since 
saturable PAI- 1 binding was not obtained at the concentrations tested. However, 
"' if we assume that latent PAl-1 is binding with the same sfdicWometry as active 
" PAi-1, then we can dstiihitei miramumVaiue fdV K^ bf > 22S J hMXtne highest 
' 20 ■"' concentration tested) in'both feases fagure' Yl$ ' The^lesM are consistent with 
' ' ^previous reports thai 6fof IctWe J*Al4 im ds 5 W Vn^^ ; affini& and , 

" cohtradict the suggestion by ; dthers that both forins of P&'-f bind'Vn with equal 
n * - !: ' affinity. v ' '^i. :-.-.-i & v ;^rv>C;r 

Tne Kjs cicuiited foractive PM-1 ! ^ 
25 to previously reported values:" 127 pM Vs. iOO pM (Sdlffert et dl, 1991, supra) 
wi* uViC^and 825 pM vs.' 4.4 nM (l^wrence ei'af., J. 'Biol.' Chern, 1994, supra) 
with' nVn? An earlier report Ifiat calculated la lower affinity !(,, of 55-190 nM for 
th«e interactions using a ¥miW assay foiled to'accbunt for the presence of both 
active aind latent PAI- i in the preparation arid may have been measuring primarily 
'30 ~ the binding of latent ffaf{iftamtfi£~£ifa). ' Consistent with this 

interpretation, the reported K^'of 190 nM issimflar to our'estimated minimum K«, 
for latent PAI- 1 binding to either native or uVn (K* > 225 nM) (Figure 3 7). 
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, .Salonen «*a£ npj^ binding, site (Kj < 100 pM) 

that may have represented the active P AI- 1 in .their preparation. 

The observation that latent P AI- 1 binds to Vn with a much lower affinity 
; r than active PAIrl ^suggests that .th$ conformational change associated with 
5 conversion to the latent form may be responsible for the reduced ^ffinity. We 
, suggested ^lierXLawrence e j al u supraj xhtl the stabilization of P AI - 1 by Vn 
_ v j^ccurs when Vp bind^tp^stnud. 1 of (3-sheet A limits the jnojbility. of P-sheet A 
;: . Cfci nec^j^for^ 
. ' s , conformation. Xhisjn^dd.is ^mpatib^wi^ 

10, v the serpin p-sheet A from a five stranded to a six stranded antiparallel p-sheet, by 
^ . c !f ; insertion of the RCL as rtrand4,of P-sheet A, .requires -^xtensive rearrangement of 

b 7 strands J, 2 and 3 . Restriction of this rearrangement by Vn could retard loop 
. insertion and thus the conversion of PAI-1 to the latent form. Also consistent with 
a - 0fr ^ ; ^sjxiodel is the ^parent modification of ; the.Vn binding, site on PAI-1 following 
15 RCL insertion, as indicated by the reduced affinity of latent P AI- 1 for Vn (Figure f , 
. . 37). . ^ . ^ , \ 

M . Next to be examined was the binding of native apd u Vn to PAI- 1 

.lovr,'.*. H t:.;j-: t .->:.;:*. ;ncc ;< : SfiiSjoc ion v.tcs ... ; -I. v 

complexed to tPA or uPA, cleaved by elastase t or inactivated by insertion of a 

bnt $mi$m?h W^f.W'hm^M^ RCL inserted fonns of PAJ- 1 
s _ ^ ^ j^pnd ^ ir^obHiz^ n Vn wi|h Wgh a^firi^ wiAdl having estoated J^s > 1 12-^ 
225 nM (the highest concentrations tested). Similar results were obtained with 
immobilized uVn. The relatively low affinity observed for both the tP A-PAI- 1 and 
25 ^ . fiP^-PAI-L complices with both forms of Vn is cotwistent wth previous reports 

. .that tPA disspciates PAI-1 from solution-phase Vn, and that PAI-1 can be 
„ ^ removed from ,extracellulaf m 1987, 
supra). Of note, PAI-1 in complex with the synthetic RCL peptide showed a 
. ■ reduced affiohy ^fpr Vn simil^ to the othe^ This indicates that 

30 it is not the loss of an exposed RCL that, results, in a reduction of binding affinity 
for Vn, since in the PAI- 1 -peptide ( comjrfpc the natural RCL remains intact and 
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fiilly accessible. Rather, it appears to be the reorganization of (5-sheet A that leads 



to. reduced affinity. 



~> Jo confirm that rearrangement of sheet A (and not simply the association 
pf PAI-1„ v^ith an enzyme) was responsible for the loss of affinity, the relative 
5 bmding affinity of PAl^ 

- tested. rPAI-1 is known to be an effiqent 4 inhibitor of trypsin and fqrms 
SDSrStaljle, RCL inserted completes, as with uPApr-tPA. In contrast, 

, > - ; . anhydrotrypsin binds to the PAI-1 RCL in.ajwn-coyalent association that does not 
result in cleavage of the RCL or its insertion intp 6-sheet A, Like. uP A and tP A 
10 PAI- 1 -trypsin complexes had a very low affinity for immqbiltzejUYn (Figure, 19). 
. However, PAI-l 2> in association with anhydrotrypsin bound to immobilized nVn 
_ ^ with yearly the.same affinity, as, did active PA1- 1 jalone % This confirms that it is not 
simply the association of an enzyme with the RCL that leads tp a loss of Vn 
„ . ^affinity, but instead jt is the enzyrn? t induced insertion, of t the RCLjnto^p-sheet A. 
15 As discussed in other sections, above, recent studies indicate that the serpin 

mechanism of inhibition is a complex process requiring an exposed RCL. Upon 
association with a target proteinase the serpin RCL' is cleaved-at its PpPr bond, 
and the RCL is/inserted into B-sheet A, yielding the stable serpin-proteinase 
complex. Here, it has been demonstrated that the PAI-1 Vn binding site on the 
20- ^ edge of$-shefct A was sensitive to "this cbnformational^change in P-sheet A, as well 
. .. * ; as to similar changes associated With 1 conversion of PAI^^ 

- cleavage in tHe RCL by a ndn-targ ; et proteinase.- This seriskivitycmay ^provide a ? 
way to ensure the expression of PAI- 1 activity at ^cific' site^ of action. For 
•example, Vn is believed to localize PAI-1 to'the extracellular matrix where it 

• 25— regulateS'!6<^^r6teolytic activity Q^niurGelaLrhpra); arid blocks cell adhesion 
and migration" In this setting jt would be beneficial to'permit only functionally 
active PAI- 1 to bind to Vn. On a cell surface an inactive ligand can be internalized 
and degraded. However, this type of regulation may not be as efficient on the less 
dynamic extracellular matrix. It is proposed, therefore, that to prevent Vn from 
30 ^.becoming saturated with inactive formS;of PAI-1, a^system, sensitive to the 
. • ^ . conformational state of PAI- 1 , which in turn is closely linlced; to its activity state, 
■;.t has been selected during evolution. • - 
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The Serpin PAI-1 Inhibits Cell M igration bv Blocking Integrin Binding to Vn 

(r The feUdwng 4 siulyShW^ Vnftgnifi^ migration, 
and that the specific VTJK 1 is r6quifed foi cell motility. Also demonstrated are (a) 
5 the overlap of 5 the "ktiachmSnt site ; on Vn with the binding 1 site for PAI-1 and fl>) 
thfc bloddiig oY'SMC^grktio^by tfie active conformation £f P Al- lathis effect 
re^irfid higfi^Vity bKi^ti^ to Vti irid was not tiependiht oii>Ai-l^ ability to 
; T iriMbit : PAi. : Compfex r f6M^ PAI-f arid PAsreililteQ nftoss of PAI-1 

S; tfgjffify f of *Vn knd^ffestofed^bell rhigratiort. These resets proVfde a direct link 
TO J - * bfetw<^ ; I>fts And int^griii-Siediatted telf i4tigrdtion,^d^show tiiatPAl-1 can ' cs 
" z T toriiTOl cell-ttiatrix intiiractioife b$ r^ilktirigitrii accessibility of specific cell 
7 5 ' Ui attichrienisi^ 

^apparently noli 4 there 16 initiate a prbteolyfic' cascade feiding ft gefiefeiized matrix 

is ' ^fbrS^Ci^tio^^ ^i ;i ^^oi^«^V, 2r 
>or/: .J \ :;• i re u m r. jp^ t<*roor, x^icrrrcc *. zi noLisfr.iii '* -/ n^;r:.;riOt>;r 

A. PAI-1 Competition of ^I-VNR binding to Vn 

w ££ ,A j^rti-cj ivAaiye^drms'^ mutants 
10 Ksnf'x wercprGpfurc^afc^ onto plates 

2ft, J: - ^jdescnb&fcinEj^pte^^^ allowed to bind Vn 

■VI n i&thg presence ^ ofiincceasing concentrations pf >vtFAH or PAI-1 mutants. For 
■; j>:tt ; analysi*j(witb and without -uPA), .509 nM PAI-1 was flowed to J>ind to Vn as 
- / ' t aboye^Ujibpund PAJ: 1 was then remosyed^^nd: 5 nM i^IrVNR added either alone 
or/in th§ presence oflmMjuPA or : 50 mg/i$J;kM609 (Chemiepn)r Assays were 
sRSiii :i processect^nclana^eda^dfesipribed nO nV >»; '■ ;vk o) ; r? r : v;r. 

B. Attachment and migration of rabbit SMC on Vn 

: #*.?:<: "si; jr c *i I .xi.-rw v*i;:u..:ir::j j o :r -v 

; (See^Example I Vf<ir description: ofaitachmentjmethods;)' Washed cells 

r • were resuspendedii serum free medfe* 500 nM of wtPAI^l, Q123K-PAI-1, or 
R346A-PAI-1 ^her alone, or with fmMuPA or with:LM609:^^ 5 fig/ml) alone. 
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■ Cells were allowed to attach to Yn coated plates (1 mg/ml) for.30 min., then 

washed twice with TBS, fixed in methanol/acetic acid (75/25 v/v), and stained with 

• - N • : . CT '' ' r '• .»/• w* j. "iLTcr/ £ : .1:.. r ;<* 

2% crystal violet. Absorbance of stained cells was measured using a Sony 

, CCD/RGB color video Astern with Image- 1 software (Universal Imaging). Cell 

5 attachment to Vn alone was established as 100 %, and the attachment of each 

experimental condition was calculated as a ratio to this value. Analysis of known 

celj numbers treated similarly indicated that the absorbance was linear over the 

range of cells examined. Migration assays were performed on Transwells (3 mm 

pore size) coated with Vn. SMC were allowed to attach and spread for 45 to 60 

;.:._v. q;;-- : y >v. . r. - K \, a?' -r *:* -.'.i:.;. 

10 min. on the upper chamber in serum free media. Next, 0/5 ug/ml of LM609, or I 

fiM wtPAI-1, or PAI-1 mutants with or without 2 mM uPA were added in 0.5% 

*' r r J /-'I ... \ ii . ' •? ; : ; . -Kh 

BSA, 1 mM CaCfe, 0.5 mM MnCI 2 and Nutridoma® (Boeringer-Manheim). After 

:. - *t *■ :4-5 hours the upper cell layer was removed with a cotton swab and cells on the 

■i. : .s r: .underside of the.Transwell were ..fixed; istained and analyzed as above, with the 

15- • ■>< ^amount of cell .migration observed, .with Vn atone established asj 10Q,%. Migration 

oh Matrigel® with and without/Vnjwas asrabove_ except tfiat Transwells® were first 

: * ' -coated withMatrigel® (1:20 dilution) in senim-free. media.oyernight at 4°C, 

followed by washing.with BBS'and WcHsking,^thiJ%"BSA iniPBS.^rJranswells 

J were then inCTbatcd ; fcVn (0,2-m prior to 

2 0 - addition of cells, - Migration was determined; after lh) & hours inqulnttion. > ; 

»♦*,... . ' 

RESULTS AND DISCUSSION ^ " ""^ 

: ' - "The interaction between ceils and th^ir substrata is' ah impbrt^nt regulator 

of cellular function. During wound healing, migrating c6lls ; exhibit enhanced 
v " expression of the Vn receptor (VNR) integrins \\ including which is transiently: 

25 expressed at the leading edge of cells invading a fibrin clot (Vassalli; J.-D. et 

a/. f (1991)7. Clin Invest 55:1067-1072). Like , urokinase plasminogen acdvator 
(uPA) is also located at the leading edge of migrating keratinocytes during the 
early stages, of re-epithelization, and migrating vascular cells show elevated 
expression of uP A ^nd its recpptor (uPAR), which localize to focal contacts. Vn 

30 enhances this co-localization, and also accelerates the association of the VNR with 
vinculin at focal contacts. Thus, during wound healing, cells diHay a similar 
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pattern of expression for uPA and Ovjk both temporally and spatially, suggesting a 

1 .m OCrJ; (:m\g:n L >e:^!': b:;/".':~ ,v/ •;: :i .j}.. ~ r 

possible link between these two systems, v/Vo, uPA and its inhibitor PAI-1 are 
. / * "'.""*) !>w& s;3»e\!.jf ..;:fr. rri.t :.; .25 . r* . 
" important regulators of vascular wound healing. Mice deficient in uPA are 
■ v-e^rn z:vk zilto b-: - : . * ; *::.sc "*c ; : - ■ w l 

protected from neointima formation following vascular injury. However, PAI-1 

5 null mice exhibit excessive intimal thickening due to SMC migration and 

■i: ' baa f e\° OC « hf"\" 5 s ' s- ' ' 9 . ±.r/^ - 

proliferation, and over-expression of PAI-1 reduces neointima formation to levels 
• c v.'tr A j.Li? ol's: .s ;; ^ ' . ' r V. *: r inn :r - • -r:p 

similar to uP A null mice. The traditional interpretation of these data is that PAs 
v. ■. " tin so .LOV.?'Jfi jejj :v x/..br. : \i s :* ;:r V 

c are required to initiate a proteolytic cascade at the cell-substratum interface that 
>n £iV*.^j ' : no Sn-.or\-r. $.*w »• ,; : v. \. /• h* t. ■ : ; 

results in matrix destruction necessary for cellular migration and invasion 
): \: V i'Si hiiflic onr :?> ci ^ vO: ? c : - 7 vi. • .;. «' : - 

1 0 (Declerck et al ,1988, supra). However, in the current example provides results 
* >•! 'J V :c. .1 : ,? .)>/;■!< si- i «. -ft .■ r .c.r.rxi 1- ^ r- - 5 

suggesting a more subtle role for PAs during wound healing, and demonstrating 
- : :: : 7 ? • *t : 'J % ; r: 't\ 

for the first time a direct link between PAs and the VNR integnns. 

1 , iiiw ci.- <The PAT-T binding site was recently localized to the first SO residues of Vn, 
. \. «. v a^regioMl^^^ 

3iSL : M 'thestf binding ^ sitd^ overlap, cbiiipetitioa studio between purifiedradiolabelect VNR 
^ ^&d*PM-i forbm^^ 

A 

: ^ ^ mutaSt PAI-1 ^R346Aythat iBinds foWti honif adly, but-does^nbt inhibit PAs, 
• . -oh-i S^ibrt8*thsibiridiiig?d^ to wtPAL-1 (Kii-4 nM). 

2 0 '^^^TiBWevef^aiJtebbnd FAI- lbmutant*(Q l23K):that5rihibits PA& normally, but has ji 

significantly reduced affinity for Vn, was a relatively poor inhibitor of l25 I-VNR 
binding to Vri. T*ese results aemo^f^rateThaf PAI-i binding to Vn was sufficient 
:: , to block YNR binding. None of tlje-PAI-l variants.had any effect on the binding 
L jon. of ^-fcVNRilo fi]brptte(^.indicating L Aat 'rtemterarti^ specific for Vn, and 
25 . • that the lossto£VNR bindtng is i?ot due to interactions between PAI 7 1 and the 
0 tVNR.?.nV x . f .: r; ••• • « a - fi^fc/.c - -^^ •:• . ' 

PAI-1 undergoes profound conformational chanjges upon reaction with a 
proteiaase. This structural change results in loss of high affinity for Vn and rapid 
clearance of the PAI- 1 :proteinase complex by members of tKfe LDL receptor 

3 0 femily. Therefore, to examine the possibility that PAs might regulate integrin 

attachment by decreasing the affinity of PAI- 1 for Vn, competition assays were 
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M performed in the presen&id absence oti&A!^ tfie presenceof a : 2'-fold molar 
" excess ofuPA, the abUi$ of wtPAI-I 'toinKb1t )ia I-i^ : binding to Vn was 
largely abrogated' (Figtire 4 1 f. these date are content with the PAI- 1 :uPA 
complex having a significantly reduced affinity forVn wWch j^rmits the VNR 
5 . receptor to displace4he inactive complex. . In contrast, uPA did not reduce the 
. inhibition of. ^1- VNR binding to Vn by R346A.PAJ-1, This indicates that uPA 
enhances VNR binding by forming a complex. with wtPAI-1 and is not due to 
proteolysis pf either the VJvIR or Vn, r A monoplonal antibody tp.Oyp 3 (LM609) 
: : also injiibited the binding.of !2 %VNR to Vn. to the. same extent as did PAI-1 

I Q (Figure 41 ), confirming that this VNR .preparation i contained primarily; avp* and 
■ ; ru%: . that P^l-1 blocks the binding of this integral to Vn. ^ 

- tosteivHih^PAl-i can inhibit the interaction of cellular ifttegrins with 
• • - Vn in a similar manner, attachment and J hiigration' assays' using SMC were 

jrerforrhed Both active WtPAI-1 and id^ft-PAtf iiuiibited'SMC^ttachment to 
I5'' s ' Vn (Figure m): : 'lii J (»mfas^Qi^tC^Ai.t' : l^iio afe'Wyi'ilttachmeoU-'- 
indicating that the inhibition of cell Miclmmify PAI-1 is due to its ability to bind 
Vn and Wot its in^^ tdvJards PXs. Fu^eimore; iSdingtiPA to 

wtP AI- i arid' Vn revfef^d' the inhibition o^fceil kt^hnientf w^eas liPA had no 
\ ~* ' ' - iffect on^the iitoTritiilm^ iriterestingly, PAJ- 1 

3 ' l L that SMC have- either ifttegrins thai earc Vn thrdugh the 

RGD integrin binding site ahdihaf PAI-l blbcks acceSs of theSe iniegnhs as well. 
Consistent with ttiffhter^^ RGD cbntii^^pepade'also 

- blocked SMC attachnient to Vri." * v: r ir ■* *.* « 

25 ; . • ■ PAI-,1 alsah^bited the migration of SMC through Vn .coated 

Transwells®. As observed, with cellattachment;:both active .wtPAI-1 and 
: j / - , . . R346 A r P AI- 1 preyentedrcell migration, whereas active p 1 23K-^AI : I had no 

, :? r wtPAM but not hy : R346^P^L This proved that, as with attachment, the 
30 . inhibition of celkmigration was due to PAI-1 's capacity to bind Vn and not its 
inhibitory activity toward PAs. LM609, which did not prevent *"achment, 
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inhib^mgr^icjp, wnfin^,t^£M<^ fon mpti^. These results 

are cons^ent^ty th^ sljow elevated 

expression of bqthq^WMj the VNR,*nd that^MC ^how eohpcedjpigration on 

5 The results pressed above suggest Ifiat SMC migration during normri 

T wound healing requires'bofh" thd Cellular expressi'dn of avp3 and thS presence of Vn 
in the mrfri>C^dt^ 

However/ subcellular matrices w wv<? are much more complex, containing 
collageris, glycbsammoglycans; ancl other proteins such asfamiriin. 'Therefore, to 
i : 0 r vii eximine the role ofPAi-1 and^n in cellular' Attachment and migration suctf a 

heterogeneous matrix, and 'to see if PAl-1 could regUfafe this process, attachment 
f .;. . f . a^vd ljnugratipp assays >yere performed on a complex, b^pnienf, membrane matrix 
5T ^ri^d,frorn ™inne s^^m4^Hs f (M|togd®) Utthp prince or^bs^nce of Vn. 
. 1P ^ ^U^^^I jitte^iwwit to pun#e^,yp, P£fc£ liad..no affect on a^ob?n?nt to v , x 
15 ^ Tr ;. Mat^l^eyen iathe presence gf Vn. ? Jhis indicates th^.c^h^„prote^ present. in^ 
i. . . . ,ibe matrj^ are> s&jpport,pe^l ^^^f^o 3 ^ ^ se £? f !? l 3W c ^ n ' 

^ * a < ^"^^^^'^l^ 'I/H^M ^ $^ n( ff v$ ' wever, 

: „ v ^ ads<^tton qf^yn to^ 
. gQ, , ? , This JSL<^i»j?ten^wth pr^yjqusjepprts d^ongr^tipg tlpt yp^©yfic^ntly . 

r . r ' ^ephpices mixtion Af£oth :S^Q^L«|ympe efgL ^S^sppn?; WUpzynska et v 

c 4 i^H^^A? 9, #^ I^resen^of Yn in an exposed 

matrix or fibrin clot might stimulate cell migrajiqp. Furthermore, even though 
25 PAI-1 and LM609 had no affect on cell attachment to Matrigel containing Vn, they 
were able to inhibit ceil migratidh'oh this dompfex matrix (Figure 43). As with 
- purified Vn; the^t^K^Al-fTiid^ effect^Tcell migration arid the addition of 
1 uPA revised Siie inhibition 2 by wtPiAI^^ that 
SMC migraHbh on a c^n^li^matrix is fenfi that this 

30" : "induction is Ov^depentfent. ^Al^l can prevent t^s^diictioh by blocking Ovp? 

binding, knd l P As can jbromote the induction By reversfn^'the P AI- 1 block. This 
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suggests that Wvo, the binding of plasma Vn to an exposed matrix following 
I' "4 X . • injurymay act to accelerate cell nrigratjoji during that PAI-1 

- 4 - may be an important factor regulating this process^ Supporting this hypothesis, 

treatment of Matrigel coated Transwells with bovine serum enhanced SMC 
; 5 fi -migration, in a.PAJ.-l inhibitable manner. . These results are also consistent with the 
m v observation that PAI-1 null mice show enhanced SMC mgration and proliferation, 
while in uP A^iull mice SMC ijiigr^tion : is reduced. /Cameliet, P. et al. , Fibrinolysis 
JO (Suppi 3l:\9(^p)Wty^ ^ ^ ! . 

^the specificity of the inhibition of foiegfm attachment* to Vn by active 
10 PAI-1 further illustrates the unique fuhaidrikl interdependent 

PAI-1 and Vn. In addition to ^a&iliang'PAf-fih the; active conformation, Vn also 
alters the specificity of PAI-i, making it an efficient inhibitor of tin ombin, and 
promoting its clearance by members of the- LDL receptor family v This suggests 
that thrombin, a known nutogen '^d bhemdta^c promote 
15 cell migration by renSoSnrig'PAT^ addition, 'several* studies have- 

shown that both elastas^ahd cath^^ can 
efficiently remove PlAI-f frorh matrix. Since 4 PAI-1 is a substrate c for these 
enzymes, brty catalytic am^ these 
findings indicate t^^ 

20 and expose thV RGd' integrin binding' sitebn Vh! Tfus gen^ral >! abiiity to modify 
cellular adhesive properties by many divergent protdhases'through a common 
mechanism suggests that the khown correction between increa&d -cell migration 
and proteinase activity may be mediated, at least in part, by proteolytic interaction 
with P AI-1 in a wide variety of invasive cellular processes: 1 It also suggests that 

25 the role of some proteinases in cellular migration niky not be to cause generalized 
matrix degradation but insteaS maybe to expose cryptic cell attachment sites by 
inactivating PAI-1 ! ' : " ' * * ' ' 
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EAIJdH^JSfiafflaiin^ Angiogepesis and Clearance 

: ' r The inTe^ibiK^elvirea^cells aiid'thetf substrata* is an important regulator 
of cellular fuhcfaon r '¥ignals 'from^he e^tra'celtalar matrix are conveyed to cell 
5 " ' surface'yhesWproieTnssiich" as hiembert of the integrin famfly. Irifegrins bind to 
' immobilfzeS matrix protefns : ancfnelp direct the ceDuiar response t6 specific surface 
" enwonmentsl>y J medialmg e adhesion and/ot migration. Cell migration is an 
important step in many physiologica^processes such'as Wound healing and 
^ , . • .^angipgenesis^nd is also an,|mportant ; factprjm JJaAobgical situations such as 
.3,0,., j m tumor, progression an4 metastasis. Under normal conations cell migration is a 
1 ,. t r ughttycontrdled^ 

..^CLau^bu^D.A:*/^^ 
matrix pf a-wounjd is. primarily a,cxpssjnked fibrin network associated with 
iiij^c.c ..Significant ^^ounts^ .^ron^^^unn^^und healing, migrating cells, such as^ 
15- - j£moo$ muscle ce^j£M 30 . . 

j {l ^increased ex^re^o^^thj^rg^^ a v fc- ^ 

20. , n oiat ^ejeadjn&edgeof^l^ etd., AmJPqfhq/^ 

u^i^cM^^r^JS^^'^^S^^ ^^y 1 ?^ 1 ^^^ ce,lu ] ar 

s . v im ! OTgratipnJ^.ted i tp the suggestopn. thaUhe a^fr mtegrin is important for cell 

r s .- . The-present inventors have shown that ayp> is not required for smooth 
25-. . muscle cell attachment to Vn but is required for cell motility (Example VI). It was 
. ? also demonstrated4hat,the a Y ^3 attachm?nt.site on Vn overlaps with the binding 

site for PAI-1 and that the active conformation of PAI-1 blocks the attachment and 
migration of vascular SMCs on Vn.. This effect is not dependent on PAI-1 's 
ability to inhibit plasminogen activators (PAs) but does require high affinity binding 
30 to Vn. Complex formation between PAs and PAI-1 results in loss of PAI-1 affinity 
for Vn and restores cell attachment and migration. These data demonstrate that 
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PAJ- 1 can control cell-matrix in^ciibris%Vegula^"n| th J e acdesabaity of specific 
' cell attachment sites" and suggests tkat the \<^\^on <3f^t^^ ! ty at sites of 
focal contact is not to initiate a proteolytic ca^scade'iea^ing to" generalized matrix 
destruction, but instead is required to expbs^ ciypuc Sell attachment sites on Vn 
5 ' '•necessary for'smooth muscle ceil migi^od: ;:3o!d '' M ' " '•' !M 

.iRgur« 44 and 45 'show that the SMC'inij^on is'ffiectid both by the 
concentration of Vn which is adsorbed 1 to th"e Vr'answeil migra'tioii chamber (Figure 
44) and that PAI-1 is a' more efficient inhibitor of SMC migration at lower Vn 
coating concentration (Figure 45). Since Vn in plasma is thought to bind to 
10 ; extravascuiar matrix uponirijufy, experiments' were done to teat whether Vn from 
serum showed similar effects. 'Shown in Figure 47 is the migration of SMC on 
Transweli filters coated first with Matrigel and then exposecfto either purified 
native Vn or bovine serum.' Consistent wim burpre\aous bbsei^ti6hs, SMC 
^ndgiated faster on Ma&gelVthe presence of VnT''S«u'm also stimulated the 
1S . "Mgratj?" of SMd which were inhibited by the addition ofPAI-fl' This shows that 
s f um Y n ha * the^inWabtHty as purified native Vnto accelerate SMC migration 
' and that PAj-i'k able to n^'tios' Wm^on wWeM. " *' 

The ability of P AI- 1 'to block the binding of celluiar mtegrins to Vn is 
probably due to the Fact that PAI-i ; Iwap^y^^vlr&lo integrins. 
20 Shown hi Figure 47" is fcompi^'S^'m^ch'Wi toinhibit SMC ' : 
attachment compared'to a peptide containing tire ROD sequence and to mAb to 
a v p 3 (LM609) The RGD-containihg ; peptide but hot a cbWtsponding RGE- 
containing peptide inhibited all SMC attachment to Vn. " Antibody LM609 did not 
inhibit SMC attachment (insistent with the facf that these cells haVe 3 other Vn 
25 specific integrins. PAI-1, like the RGd containing peptide, could inhibit all SMC 
attachment to Vn. However it tiaci similar efficacy at approximately a 100 fold 
lower concentration. '~ *'* - : ;t 

in processes such as wound healing and angiogehesis, SMC act in concert 
with Endothelial cells to r seal a wound and to ^reduce a fiindioning capillary vessel. 
30 To evaluate the use of PAI-1 in these processes, studies were done examining the 
effect of PAI-1 on endothelial cell attachment to Vn using bovine aortic endothelial 
cells (BAE). Figures 48 and 49A-49B show that PAI-1 was unable to inhibit the 
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attachment of BAE to Vn to the same extent as tfie RGD-containing peptide. A 

. .\ - .* ■ u ' am gnjljt«.*gs^ ''.no;!-^-!'! v :r :* i ' f. :-:>. 

possible explanation isthat endothelial cells having other RGD binding integrins 

that are able to recognize other,sites on Vn, distal to the from the normal cell 

c* 5:. .i^i :T^*f) :r . lit- Ti ::<r: ; 

attachment site and the PAI-l binding site. In addition to blocking SMC migration 

vr is ;.u!T^0\Tf!C tav];;r: - ^ ./ i .? • ** '*•;-*;.*. • 

5 in vitro, PAI-l also blocked cytokine r induced angiogenesis in vivo (Figures 50A- 

. .11 . * f » * . "V- * .it • ; 

50C). These, results were ohtained using the stabilized 1 4- lBjnutant which has 
four amino acid substitutions compared to wild-type .(N150H, K154T, Q319L, 

M354I). These results show that this stabilized PAI-1 and additional PAI-1 

'x m r ' j ■. ' * . r - r* icm ;.r.n< : „ ■ - i .pi '• 

mutants inhibit angiogenesis in the chicken chprioallantoic membrane (CAM). At 

x- miv oi inj^/-- s f5 r; r.r; ■ °r ^ «:>r r 

10 . , least part of the inhibition is due to blocking Vn accessibility. 

...... Apart from P AI- 1 -mediated inhibition of cell attachment and migration, 

. which is dependent on high affinity binding to Vn, other uses of PAI-1 mutants 
. ■ exploit the high affinity that P AI- 1 has for clearance receptors upon complex 
. ■ formation, with proteinase. PAI-1 proteinase complexes show higher affinity for 
15 the clearance receptors LRP and ep3,30 than other serpiq .enzyme complexes 
tested. Shown in Figure .5 1 is the cell mediated degradation of !25 I-neutrophil 

elastase by either PAI-1 elastase inhibitor mutant (R346A) compared to the natural 

is loi r. z-i* n: tT? ^f^nn vi'vj ?i f-ir- I ltd: Lac 

v proteinase inhihitor a 1 -proteinase inhibitor. This elevated degradation occurs via 
. endosonws and lysosomes since it is inhibited by chloroquine. 
20 4 . . . r . Since peutrophil.elastas.e prefers to cleave, atthe C-terminal side of valine, 
the present inventory examined whether the efficiency of elastase inhibition by PAI- 
. 1 could be improved by introducing a valine residue in the reactive center bond. 
r ^^ddivonzd^ it w^s desired Jo elinji^te valine position 343, an elastase-sensitive 
site in WtPAI-1 that lead§ to, inactivation of PAI-1. Shown in Figure 52 is a 
25 . comparison of the inhibition of elastase by.yarious PAI-1 mutants and by al- 
. . . , proteinase inhibitor. As can be seen in this figure the PAI-1 containing valine at 
346 (R346V) and alanine at position 343 (V343A) is a more efficient inhibitor of 

elastase than other PAI-1 mutant; tested. 

r 5 ^- .m; ^iKi 1 . n: ^mi. :V:^ t/uow c£ r*C w: a.^ocv, r i 

c. v vlH;:- : t Jhe ; referenc^ cited afepve are-ajl uicprpo.rated-.bx. peference^ierein, 

3 § nini: whether sp^^llyincprpprated qj^ot. j „r / q ^ - .-j ^ # , : ; £ - 3 r t ; ; 



Having now fully described this invention, .it 

skilled in the art that the samexanbe performed ivithin-a.wide.range of equivalent 

• ; : .- 
parameters, concentrations, and conditions without departing from the spirit and 

. : ; v : - : — \:::v:=v-;: ^ j 

scope of the invention and without undue e^eorpentatiqn.v 

5 While this invention has been described -sn cohhecti6n with specific 

embodiments thereof, it wijl^be underkqpd;that;ifis Rafale' of further 
modifications. This application is intended, to cqver;khy variations, uses, or 
adaptations of the invention following, in general, the principles of the invention 
and including such departures from the preseht disclosure as come within known 
10 or customary practice within the art to which' the invention pertains and as may be 
applied to the essential features hereinbefore set forth as follows in the scope of the 
appended claims. ' - :t - 
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.'/i.-J c<" : ; <V)\ COMPUTER READABLE FORM: *. , : j r , ,. : 

{A) MEDIUM TYPE: Floppy disk 
: r--' ; :i : fB) COMPUTER: IBM. PC compatible, A #f - 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi> CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: LIVNAT, SHMUEL 

(B) REGISTRATION NUMBER: 33,94 9 

(C) REFERENCE/ DOCKET NUMBER: 30807-20004.00 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (202) 087-1500 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2876 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 76.. 1281 

(ix) FEATURE: 

(A) NAME/ KEY: mat_peptide 

(B) LOCATION: 145 

(ix) FEATURE: 

(A) NAME/KEY: sig_peptide 

(B) LOCATION: 76.. 144 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



GAATTCCTGC AGCTCAGCAG CCGCCGCCAG AGCAGGACGA ACCGCCAATC '"-CAAGGCACC 
60 
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92 

TCTGAGAACT TCAGG ATG CAG ATG TCT CCA Gt8' CTC ACC TGC CTA GTC CTG 

Met Gin Met ier Pro Ala Leu thr Cys Leu Val Leu 
. -23 -20 -15 

GGC CTG GCC CTT GTC TTT GGT GAA~ GGG^ TCT^G£t~ G^tS* C/vC CAT CCC CCA- 

159. . ■ „ 

Giy 'Leu'Aia Leu ^ Val P&'e Gly Glu Gly^f'Aia^vil 'Hit His; Pro Pro 

• 10 -5 1 5 

TCC TAC*GTG GCC CAC CTG GCC TtA GACfrTC G^G^g" AGS" GTG~ TTT CAG 

207 - r- - • . 

Ser Tyr Val Ma His Leu Aia " Ser Asp^fi^Gly VajTArg Val pWgIV 
10 i3T 20 

CAG GTG GCG CAG GCC TCC AAG GAC CGC ~AAC * GTG^GTT TTC^TCA CdC tXt 

255 ifc r- • * J fc( \ 

Gin Val Ala Gin Ala Ser Lys Asp Arg' AsrTval-Val PheSer Pro Tyr- 
25 30 35 . 



GGG GTG GCC TCG GTG TTG GCC ATG CTC CA<i CTG ACA ACX*~ GGA gWgAA^ 

303 r u rjJ r : c 

Gly ValrAla Ser Val Leu Ala- Met Leu Gin Leu Thr:Thr Gly' Gly Glu 
40 45 50 

ACC CAG CAG CAG ATT CAAGCA^GCT ATG GGA T*C AA6 AT^' G^IT" G/fc *Xag* 

351j; z (< ,j ; . & . ; ... .... . ^ <■ * 

Thf Gln'Gln>ln lie Gin Ala 'Ala^Met' Gly 'phe^Lys^Ile*: As^As'p J Lj|rs ! ' 
55 60 65 

GGC ATG GCC CCC GCC " CTC CGG CAT CTG TA6 AXG GAG CTC ' ATG GGG CCA' 
399> ; ;\;..r r-- -y" - - - — - • * 

Gly Met Ala Pro ;Ala i' LeuAtg His *" Leu- Tyr Lys^ Glu* Leu Mefc Gly J Pr ; o : 
™ 75 80 85 

TGG AAC AAG GAT GAG ATC AGC" ACC ACA GAC GCG' ATC TTCT GTC 1 C&G * 0&£ 
447; .... . v - ( . , ^. c , „. ^ • . t . 

Tr P L y s AfiP Giw : lie"siar V Thr"Tnr^ 

90 95' loV 

GAT CTG AAG CTG GTC " CAG* GGC* TTC ATG CcB~ cAt* T^iP T^G^'/I^!gP c¥g" T*t: ' 
495; . . , . ^ , ^ f; . ... , ^ .„ _ , 

Leu L V S Leu "Val'-Gln Gly ' Phe Met' Pro HlsVpne^e' Axg £ Leu^* Phi: 
105 no ~ us J ~ 

CGG AGC ACG GTC AAG CAA GTG GAC TTT TCA" G^G g¥S GAG AG?C Gift A&i* 
543. : j ^ t . ^ . a . , ^ ., . m ^ a . ^ 

Arg Ser >hr Val"Lys C Gin Val Asp Phe Ser Glu" Val Glu" Axg' A1V Axi 
120 "125 s 130 

TTC ATC ATC AAT GAC TGG GTG AAG ACA'CAC^ACA AAA' TCT^ATG^ A^C AGC, 

Phe He IlerAsn Asp Trp Val Lys Thr His Thr Lys 'Gly.Met lie Ser 
135 140 \" 145 

AAC TTG CTT GGG AAA GGA GCC GTG GAC CAG* CTG A&A CGis' CTG GTG CTG: 
639- c . - • . ^ . ... ...... r . v , : : 

Asn Leu Leu GlyfLys Gly" Ala" Val Asp Gin* Leu Thr Arg Leu Val Leu' 
150 155 160 '~; 165 

GTG AAT GCC CTC TAC TTC AAC GGC CAG TGG AAG" ACT CCC^TTC CCC GAC" 
687 , 
Val Asn Ala Leu Tyr Phe Asn Gly Gin Trp Lys fhr" Pro ' pW Pro Asp 
0 175 .80' 
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TCC AGC AQC CAC ££C CSC CTC TTC CAC AAA TCA GAC GGC AGC ACT GTC 

735 * * ^ - - - * ; .rcc- ,-\**c r** r r.-* . ta 

Ser Ser Thr His Arg Arg Leu Phe His Lys Ser Asp Gly Ser Thr Val- 

|-g 5 V,. u.r, ^ 0 I ;._t r** 195 

TCT GTG CCg ATG A?G GCT CAG ACC AAC AAG TTC AAC TAT ACT GAG TTC 

783 • * " v : - :x " :r " r - - J " : c 

Ser Val Pro Met Met, Ala .Gin Thr Asn Lys^Phe^Asn Tyr Thr Glu Phe 

■;- s -200* 1 * : £v --^2bi * 4 ^ """" 210 " J 

ACC ACG C.CC G&T GGC^CAT^TAC TAC GAC^ATC CTG GAA CTG CCC TAC CAC_ 

83r • - : " c r - " u r : - " ' : ■ . : 

Thr Thr Pro Asp Gly His Tyr Tyr Asp lie Leu Glu Leu Pro Tyr His- 

•- ; -2Vs- *" " * ?v *i-"2i& "* J :; . 225 - " V a£ 

GGG GAC ACC CTC AGC ATG TTC ATT GCT GCC CCT TAT GAA AAA GAG GTG 

- ~ »■ g — - 1 * «. * t«— , * - ...» - - — -v 

87'9 '~ ' ' ' s c " ^ ■ - ' ; 1 

Gly. Asp Thr Leu Ser Met Phe He Ala Ala Pro Tyr Glu Lys Glu Val- r 
230* : ' 235*' < .-240- * * J ~ 5 245^' 

CCT CTC^TCT GCC CTC ACC AAC ATT CTG AGT GCC CAG CTC ATC AGC CAC^ 

Pro Leu Ser Ala Leu Thr Asn He Leu Ser Ala Gin Leu He Ser His 
v- . ; r '250 ~ t: ' r '' y —255 — " -26©- 

TGG. AAA.GPC.AAC AT? ACg AGG CTG CCC CGC CTC CTG GTT CTG CCC AAG 

« ' ~ * • *"''v ALc A- •' .. - -i -3 " .-A 

Trp.Lys Gly Asn. Met .Thr . Arg Leu Pro Arg Leu Leu Val Leu Pro Lys- 

TTC TCC CT,G GAG. A£T GAA GTC GAC CTC AGG AAG CCC CTA GAG AAC CTG 
1023 ' c ~ v * Cl " 1 " t T ** ' ^ -• r; '' 

Phe. Ser^ Leu Glu, Thr Glu Val Asp Leu Arg Lys Pro Leu Glu "Asn LeU- 

*: "i jr . z " 0' 

QGA ATP. ACQ^. qAC^ ATG . TTC AGA ^ CAG TTT CAG GCT GAC TTC ACG AGT CTT_ 

Glv. Me^ Thr .Asp. Met ^ Phe , Arg Gin Phe Gin Ala Asp Phe Thr Ser Leu 1 



TJC^. G^. C^A^GAG CCT. CTC CAC^ GTC GCG CAG GCG CTG CAG AAA GTG AAG^ 
1119 ~' 1 "■■• "A - .T C;" 1 * *. "J -*r- L «"'•** -' 7'-> \f " ■** , t DTD .'. V. t ". I ."A*J 

Ser Asp Gin Glu Pro Leu His Val Ala Gin Ala Leu Gin Lys Val LyS ; 

3l ; 0* * - : ' —^31^ c ' r — 320- * v - 5 » --^ '325 

ATLQ GAG GT5. MC GAG^AGT GGC ACG GTG GCC TCC TCA TCC ACA GCT GTC 

il67 ■ '■ * TC *• ^ - • - • * - * - v a r n 

He. Glu Val Asn. Glu Ser Gly Thr Val Aia Ser Ser Ser Thr Ala Val : 

;/ : 330- '■ ' - £ ' ' 335^ B * - ' ; 340^ < 

ATA GT^T TCA GCi: CGC ATG GCC CCC GAG GAG ATC ATC ATG GAC AGA CCC 
1215 * Vv A :; - ' v < v ^ er '-' :: - : : % r ' :: * 

He Val Ser Ala Arg Met Ala Pro Glu Glu He He Met Asp Arg Pro s 

— ' -345 s "' • r aiH -"^S^O- ^ A ' : *355^ - f ' 

TTC CTC TTT GTG. GTC CGG CAC AAC CCC ACA GGA ACA GTC CTT TTC ATG 
121&3 - • ~* Arr: : ' C:r " ; " L :T '" 

Phe Leu Phe Val Val Arg His Asn Pro Thr Gly Thr Val Leu Phe Met- 

" . 7 ; r £ 1 

GGC CAA GTG ATG GAA CCC T GAC CCT GGG GAAAGACGCC TTCATCTGGG 
1311 ~ rjA * : :, : -'*- : 

Gly Gin Val Met Glu Pro ? 

-- 375 ' - ^ r - * •"" ^ - ' " ' - 
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ACAAAACTGG AGATGCATCG GGAAAGAAGA AACTCCGAAG AAAAGAATTT TAGTGTTAAT 

-137.1 - - ;~ v — - _ _ 

GACTCTTTCT GAAGGAAGAG AAGACATTTG CCTTTTGTTA AAAGATGGTA AACCAGATCT 
; 1431 P . - - :L7CDC ^ r 

GTCTCCAAGA CCTTGGCCTC TCCTTGGAGG ACCTTTAGGT CAAACTCCCT AGTCTCCAbC 

TGAGACCCTG GGAGAGAAGT TTGAAGCACA. ACTCCCTTAA GGTCTCCAAA CCAGACGGTG 
1551 ; ? > ... % -,. _ ... 

ACGCCTGCGG GACCATCTGG GGCACCTGCT TCCACCCGTC TCTCTGCCCA CTCGGGTCTG 
1611 

CAGACCTGGT TCCCACTGAG GCCCTTTGCA GGATGGAACT ACGGGGCTTA CAGGXGCTTT 
1671 . . . .. . _ . : , _ ; 

TGTGTGCCTG GTAGAAACTA TTTCTGTTCC AGTCACAJTG . CCATCACTCT TGTACTGCCT 

1731 . . * *. - \\: 

»• - . "... wl 

GCCACCGCGG AGGAGGCTGG TGACAGGCCA AAGGCCAGTG GAAGAAACAC CCTTTCATCT 

1791 : 

CAGAGTCCAC TGTGGCACTG GCCACCCCTC CCCAGTACAG GGGTGCTGCA' "(&TGGCAGAG 
1851 , - . - . 

TGAAXGTCCC. CCATCATGTG .GCCCAACTCT .CC-TGGCCTGG, CCATCT.CqCT CCCCAGAAAC 

1911 " r \ r - fc ■ ~ - - -i r*3 

AGTGTGCATG .GGT-TATTTTG -GAGTGTAGGT GACTTGTT.TA CTCATTGAAG . CAGATTTCTG 

1971 ; : ' ' *'** * : • :.; ^ ' £ ' 

CTTCCTTTTA TT£TTAT£GG AATAGAGGAA -GAAATGTCAG- AT,GCGTGCCC AGCTCTTCAC 
CCCCCAATCT CTTGGXGGGG. -AGGGGTGTAC ^A^TATTT ^TCATATCCT -TGCCCTTGAG 
TGCTTGTTAG ,AGAGAAAGAG AACT^CTAAG GAAAATAATA TTATXTAAAC TCGCTCCTAG 

2151 * i - yr * - * ; - - — ' -•■ 

TGTTTCTTTG TGGTCTGTGT- CACCGTATCT .CAGGAAGTCC AGCCACTTGA XTGGCACACA 

2211 :,r ' ' * i; ■ • 

> 

CCCCTCCGGA CATCCAGCGT ;GAGGGAGCCC AGACTGCCAC CTTGTGGCCG CCTGAGACCC 

2271 , : * k : 

TCGCGCCCCC CGCGCCCC.CC.GCGCCCCTCT,TTTTCCCCTT GATGGAAATT GACCATACAA 
2331 i • " ' \'r 

TTTCATCCTC . CTT.CAGGGGA TCA^AAGGAC GGAGTGGGGG GACAGAGACT CAGATGAGGA 

2391- ; . ' i_ : " : ' - " ; . 

CAGAGTGGTT;TCCAATGTGT..TCAATAGATT ;TAGGAGCAGA AATGCAAGGG GCTGCATGAC 

2451 a: ' ; r ' , 

CTACCAGGAC. AGAACTTTCC CCAATTACAG GGTGACTCAC AGCCGCATTG GTGACTCACT 

2511 :•: * ' '* : 

TGAATGTGTC ATTTCCGGCT- GCTGTGTGTG AGCAGTGGAQ ACGTGAGGGG GGGGTGGGTG 
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AGAGAGACAG GCAGCTCGGA TTCAAfcTACC TTAGATAATA TTTCTGAAAA CCTACCAGCC 

2631..-., . T rivv ^ A/iA -.r^- CTVVi .x,.:.-/:- ~: . DC- 7. A!*/ 

. AGAGGGTAGG GCACAAAGAT GGATGTAATG CACTTTGGGA GGCCAAGGCG GGAGGATTGC 

TTGAGCCCAG GAGTTCAAGA CCAGCCTGGG CAACATACCA AGACCCCCGT CTCTTTAAAA 

ATATATATAT TTTAAATATA ■ CTTAAATATA TATTTCTAAT ATCTTTAAAT ATATATASAT 
. 2811 



. ATTTTAAAGA CCAATTTATG GGAGAATTGC ACACAGATGT GAAATGAATG TAATCTAATA 

,2471. , r _. „ _ _ 

GAAGC 

: 28 : 76 .-- v. • r:c.:,..-.-':,,^,,,, /. ? r, : 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) T ; SEQUENCE CH^CTERISTICS: ' ' *" :z v rT 

(A) LENGTH: 402 amino acids 
_ m <BJ TYPE: amino acid 

fETP 'TOPOLOGY: "linear ----- " : - - - 

.AM- ) . MOLECULE TYPE : p r o tein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

H&i Gin *let : *S«'¥rb Ala "lieu Thx <Sys- Leu- "¥af 4 -£eu Gly-'Leu-^Uiar Leu 

-23 -20 -is -io 

Val 'We^i^' Gl\i Gly sWrSia Val His * J 'ifi ; s "#rb Wo -sTer *Ty£VVar : Ala;. 

-5 1 5 r :t: 

n£iiri£ti''Aik%£z?ksp- Phe'fclVVaVWg^rff Phe r 6lh -iSln *VaT'ALa Gin 
10 15 20 -25 

;f ^a T "^ ? Ly^^P"^r^ As¥^a-f-*VaiL : Plie^Ser * ferity r Gl? -VaP'Ala' '.Setf 
30 35 40 

J> Wi T E^a T^i-'riteFDeu Glif^e'u-fnV "Thx-Gfy^ly 'Gl-u--T-hr/Gln Bin Gin 

45 50 55 . • 

::: lie ^ Gly Met Ala Pro" 

60 65 70 

'-M'a 'i 1 ea^Arg^H±s "Leu > T y'r -hyai < §Lu 'leu Mefe'Gly^Pro Tr> Asn Lys:;Asp 
75 80 85 1" 

'^Glu* lfe v ' ser tfhr Thr Asp : Ala T ffe : Phe Val Gin Arg Asp - Leu Uys leu 
90 95 100 105 

l GlipGly : Phe'M<*t PrS r His Pfie- fhe^Arg" Leu--Ph^Arg;Ser:Thrj VAl 

no 115 120 re: 

'- v Lys : Gin Vhl ' ASp : '?M Set : Glu Val -Glu^Azg- Ala?A£tr ' PKe rile Mle 'Asn 
125 130 135 

: : Asp Trp' Val Iiys-Thr His^fhr r Lys : Gly "Ret Ile-^SefLAin Leii' L60 ;Gly 
14 0 145 150 

: L'ys*Gly Ala Val Asp Gin* teu r 'Thr ; -Axg^Leu Val : Leu Val As iT Ala Leu 
155 * 160 165 "i 
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Tyr Phe Asn Gly Gin Trp Lys Thr Pro Phe Pro Asp Ser Ser Thr His 

" 170 : . . - 175 - ... H0. t ^ .... . . t 1B5 

Arg Arg Leu Phe His Lys Ser Asp Gly Ser Thr Val Ser Val Pro Met 

.: 190 ^ c: l$?^~ A - ■ 200 

Met Ala Gin Thr Asn Lys Phe Asn Tyr Thr Glu Phe Thr Thr Pro Asp 

-\ — - 205 • ^ 10 -r .r.-c . t - 7 215 

Gly His Tyr Tyr Asp lie Leu ^Glu Leu Pro Tyr His Gly Asp Thr Leu 

c. - . 220 . : x m ■ . aZS. ; - rA £i r ,230 :i . 

Ser Met Phe lie Ala Ala Pro Tyr Glu Lys Glu Val Pro Leu Ser Ala 

•J 235 t .x : * j .2,40 • . , flA ,24-5 . 

Leu Thr Asn He Leu Ser Ala Gin Leu He Ser His Trp Lys "Gly Asn 

25.0 \ , • 255 ,... - \ .. 260 ~ 265 

. i 1 : ' 2 ' ■ 

Met Thr Arg Leu Pro Arg Leu Leu Val Leu Pro Lys Phe Ser Leu Glu 

:•. , ■ . 270 ; , . ; . - 275 . 28.0 

Thr Glu Val Asp Leu Arg Lys Pro Leu Glu Asn Leu Gly Met Thr Asp 

-M > Z. .285..- r K - ; .c- 290 ; z . - 29S ,rA 

Met Phe Arg Gin Phe Gin Ala Asp Phe Thr Ser Leu Ser Asp Gin Glu 

c 300 . y ■ - . . • c 305 : . ~ --, .310. v ... . 

Pro Leu His Val Ala Gin Ala Leu Gin Lys Val Lys Ile:<3lu Val Asn 

jSW.^.T ft;;' / » *i . 3 *°-/7 -325-. , . 

^ , . £ - * ■ - - r 

Glu Ser Gly Thr Val Ala Ser Ser Ser Thr Ala Val He Val 'Ser Ala 

;33C • - .33-5,^ ^ . : -.s i 3 * 0 .-.*" ^ ■: ' i z ? 345 

■ * u j .: £ • < 

Arg Met Ala Pro Glu Glu He He Met Asp Arg Pro Phe Leu Phe Val 

I rii. c- r-rl c: A 4SP 3 »K ^ t „ t .355, . : ^ _ : ,.360 ' 

Val Arg His Asn Pro Thr^Gfy Thr Val Leu Phe* Set Gly Gin Val Met 
lj . ;365 ;. ? :r - 7 3.7,0 , . J; . ^ 37,5 ., , 

0*1 

Glu Pro 

' — "V 1 ' «A **v Lb „ u * . : 

(2) INFORMATION FOR SEQ ID NO:3: 

{i) SEQUENCE CHARACTERISTICS: V- ' 
(A) LENGTH: 379 amino acicls" 
; ; i (B) TYPE: amino acid • r % 

U IC) STRANDEDNESS : single ' , w 

(D) TOPOLOGY: linear 

,Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 3 : 

•Val- Kis Hi3 Pro . ?ro Ser- Tyr. Val r Ala. His Leu Ala Ser Asp Phe Gly 

i <::•£ s c ; ; ■ * ^ io* J ;: b - is 

Val Arg Val -Phe Gin .-Gin* -Val Ala .Gin Ala Ser Lys Asp Arg Asn Val 

20 " " Vf; "~25^ " 30 

Val Phe Ser Pro Tyr Gly Val^Ala Ser Val- Leu Ala Met Leu Gin Leu 
35 40 * 45 ^ 

Thr Thr Gly Gly Glu Thr- Gin" Gin Gln r "lie- Gin - Ala Ala '* Met Gly Phe 
Lys He As: sp Lys Gly Met Ala Pro Ala Leu Arg h Leu Tyr Lys 
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65 70" v .75 80 

• . .AC -s->. ; 3-« i..:.' £ ; :j . = vT 

Glu Leu Met Gly C Pro Trp Asn. Lys Asp «lu lie Ser Thr Thr AVp Ala 
85 90 95 

• ■ t -t. C -.£*.* . " " • - " ; £ y M : & K : * : 

"lie Phe Val Gin Arg Asp Leu Lys Leu Val : Gln Gly Phe Met Pro His 

. 1Q0 , .„ .' 105 m w HO " 

Phe ptfe Arg Leu Phe Arg Sex Thr Val Lys Gin Val Asp Phe Ser Glu 

US „ ' 120 125 

Val Glu'Arg Ala Arg Phe He ffe Asn Asp Trp Val -Lys Thr His Thr 
130 135 140 

si;. • ::e ■ j« I?V .10 av," . ;C .\;*:* f 4 . - IT 

Lys Gly Mettle Ser Asn Leu Leu Lys Gly Ala Val Asp Gin Leu 

145 150 155 160 

"IT z- ■ /- ztz * % y*j ** £.1' - -5 . - : „a i 

c '' } ~ Thr Arg Leu Val feu Val Asn Ala Leu ¥yr Phe Asn Gly Gin tfrp Lys 

165 170 ^ 175 

Thr Pro Phe Pro Asp : Se*r Ser Thr His Arg Arg Leu Phe His Lys Ser 
180 185 190 

r r . -2-. ... j*? - 3 a-;.i * t ,j» ^ .*!.-. '. i.I >.;;* 

Asp Gly Ser Thr Val SerVal Pro Met Met Ala ^Gln Thr Asn Lys Phe 
195 200 205 

Lt. . r. q->. i? ' - :ri~ > \ tr tA * j - 1 ' - r. - »r. . .J*- ' 

Asn Tyr Thr Glu Phe Thr Thr : Pro Asp Gly His Tyr Tyr Asp lie Leu 
210 . v 215 220 

Glu Leu Pro : TJr His Gly Asp Thr : feu Ser Met Phe Ilefe Ala Prp 
225 230 235 240 

. . sV I*.' a.-JT ss£ /; ■ ; 5.* r £ v ..ii v. ? : ."L s 

i,C Tyr Glu Lys Glu £al Pro Leu Ser Ala l t£u Thr Asn He Leu^Ser Ala 

245 250 255 

i ? I'srJ "i : cr- raA 'r;-: / ei;. e: 3 :K -r. * 

D Gln Leu He Ser His^Trp Lys Gly Asn Met -T-hr Arg Leu Pro Arg Leu 
260 265 270 

;> ' ^10 vi^ ~r j*Z ic'*' ir'A i.:T -aA e;.H f,V - 

Leu ' vil Leu Pro Lys Phe'^Ser Leu Glu Thr Glu ^Val Asp Leu Arg Lys 
275 280 285 

. = . * . ' 

Pro Leu Glu Asn Leu Gly Met Thr Asp Met Phe Arg Gin Phe Gin Ala 
290 295 300 

Asp Phe Thr Ser Leu Ser Asp Gin Glu Pro Leu His Val Ala Gin Ala 

305 31 o 1 ."cI^r-ivlA^. 3i5 'SVQi 320 

^szz : i -r. -. . v r-^KiJ ' ) 

Leu Gin Lys Val Lys He Glu Val f Asn Glu Ser -Gly > Thr Val Ala Ser 
325 1 " ? •iSd 1 335 

Ser Ser Thr Ala Yal He Val Ser Ala Arg Met Ala Pro Glu Glu lie 

340 rr - • ! ""345 r : - "-^ 5". r 3 50 

? " Ile^Met'-Asp Arg Sro-Phe" Lett^Phe Val "-Val -Arg -His Asn Pro Thr Gly 
355 360 365 • 

Thr Val- LeV Phe 1 Met Gly Gln £ VaI-Me€ Glu^ro*-" * 
370 375 

( 2 ) 1 INFORMATION "POR~ SEQ ID NG? 4 t 1 " . r ;* '1 ' ^ . t : »i' 

. (i) .SEQUENCE CHARACTERISTICS: 

(Ajf LENCTH: * 7 r * amino'* aci'ds" * - c '» 3 ■ * 

(BVTYPE: amino acid 

(C) S r . MDEDNESS: single 
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(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID" NO: 4 : 

Met Thr Met lie Thr Asn Ser 
1 5 

(2) INFORMATION FOR SEQ ID NO:5: "* " J ^ 2 nw '* 

(i) SEQUENCE CHARACTERISTICS : ' ^ It v' 1 '"',"? 

(A) LENGTH: 21 base pairs V-s^-n 2'' 

(B) TYPE: nucleic acid".. ^ * V^Tl"'. 

(C) STRANDEDNESS: single;; l^T" < ^; ^ c * 
{ D ) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l£ ' Jc u 

GTCTCAGCCG CCATGGCCCC C : .'~ : ' r 

(2) INFORMATION FOR SEQ ID NO: 6: 

" (i ) SEQUENCE CHARACTERISTICS : / 

1 (A) LENGTH: 21 base pairs 
• - y -(B) T.Y;PE: nucleicacid .... 

*(C) STRANDEDNESS: single ' 

(D) TOPOLOGY: linear 

' <xi) SEQUENCE DESCRIPTION :'* SEQ* 10 N0:6: 

yGTGTCAGGCG; ;TCAT£GCCCC C~ v r ~-* - **- c - - • 
21 



r. • 



: (2 ) r INFORMATION FOR- SEQ : ID; NO:..] :^ 
(i) SEQUENCE CHARACTERISTICS: 



0 J. 



■ - (A)- LENGTH: -21 base, pairs,...,... '. . ... ,, . . .. - ^ ... , 

(B) TYPE: nucleic acid - rt . f 

(C) STRANDEDNESS: single 

- t{pj : T.QPOLpGY : :« linear. - :r -r^- 0 a:o :cw3ca:;:> 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

GCTGTCATAG CCTCAGCCCG C ' J ~ ' fc " V~ 

21 

(2) INFORMATION FOR SEQ ID NO: 8: 

• (i)^ SEQUENCE CHARACTERISTICS:- r -, r , *.-.. r 

" (A) LENGTH: 30 base pairs""" ' *' * 

(B) TYPE: nucleic acid 

:J01 STRANDEPN.ES S : single .. . > .- rt - 
(bi TOPOLOGY: linear " ' * 

.(Xi); SEQUEWpE f ;PESCRIPTION: : .SEQ..ID£0:.8: - . M . . , .... c . 

GCTGTCATAG CCTCAGCC.GT CATGGCCCCC 

.?Q. . C .: " "* " r : .". *\1A? ■'*' ;'. * V _V /' 'J 

(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERI STI CS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) S' MDEDNESS: single 
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(D) TOPOLOGY: linfeSr 
xi) SEQUENCE DESCRIPTION : r S|Q t JfP.NQ: 9 



( 

GCTGTCATAG CCTCAGCCGC CATGGCCCCC 
30 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS;,. . 

(A) LENGTH: 2876 base .pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear' 

(iv) ANTI-SENSE: YES^., 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:.10:_ _ 

GCTTCTATTA GATTACATTC ATTTCACATC TGTGTGCAAT TCTCCCATAA ATTGGTCTTT 

AAAATATATA TATATATTTA AAGATATTAG AAATATATAT TTAAGTATAT TTAAAATATA 

•120 V'r- -" : .fir J r '•- 

TATATTTTTA AAGAGACGGG GGTCTTGCTA'TGTTGCCJ^GiGCTGGTCTTG AACTCCTGGG 

leo - *: m \;\**:iz i . 

CTCAAGCAAT CCTCCCGCCT TGjGCCT£C£A^ AAGTSQATJA , CATCCATCTT TGTGCCCTAC 

240 ' ' ~ ! * ^ iX 

CCTCTGGCTG GTAGGTTTTC AGAAATATTA TCTAAGGTA(f'TT^TCCGA ; "SCTGCtTGTC 
300 . 

TCTCTCACCC ACCCCCCCCT CACGTGTCCA* CTGCT^CAC AtiAkCAGCCG' GAAATGACAC 

ATTGAAGTGA GTCACCAATG CGGCTGTGKG %dAt!CCTGTA : ATTfe'SGGAAA GTTCTGTCCT 

GGTAGGTCAT GCAGCCCCTT GCATTTCTGC T^^C^ AAATt^ ATTGAACAtA TTGGAAACCA 
480 - - . 

CTCTGTCCTC ATCTGAGTCT CTGTCCCCCC ACTCCGTCCT TTTGATCCCC TGAAGGAGGA 

540 ~ r: ^'• ; ' T: " tA > 

TGAAATTGTA TGGTCAATTT CCATCAAGGG GAAAAAGAGG GGCGCGGGGG GCGCGGGGGG 

600 " " ^ - ' ■ " ; ; - • *' 

CGCGAGGGTC TCAGGCGGCC ACAAGGTGGC AGT GTGGGtfT ' &CGTCACGCT- GGATGTCCGG 

660 ' ~ ' ~ ' — ■ - 1 > 

i j $ s ' £ Mr • CY . 

AGGGGTGTGT GCCAGTCAAG TGGCTGGACT' " TCCTGAGATff ' CGGTGACAGA GACCACAAAG 
.720 ./iXVV'.C" 

AAACACTAGG AGCGAGTTTA ^TAAtATTX TFtTCCWAG* -^GOTCTCTT TCTCTCTAAC 

780 ^ ~_ f . . ... 

AAGCACTCAA GGGCAAGGAT ATGATAAATA TTTAGGTACA CCCCTCCCCA CCAAGAGATT 
840 

GGGGGGTGAA GAGCTGGGCA CGCATCTGAC ATTTCTTCCT CTATT C CTAT AAAAATAAAA 

900 ; * " : . • v' :>: : . 
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GGAAGCAGAA ATCTGCTTCA ATGAGTAAAC. A^GTGApSTA CACTCCAAAA TAACCCATGC 

960 ' "r ' ' " ? ^ 

ACACT"GTTTC TGGGGAGGGA GATGGCCAGG CGAGGAGAGT. TGGGCGACAT- GATGGGGGAC 
1020 " ' " 

ATTCACTCTG CCACCTGCAG CACCCCTGTA CTGGG6AGGG GTGGCCAGTG GCACAGTGGA 
1080 " 

GTCTGAGATG AAAGGGTGTT. TCTTCCACTG GCCTTTGGeC TGTCACCAGC CTGCTGCGCG 
1140 " " ' 

GTGGCAGGCA GTACAAGAGT GATGGCAATG TGftCTG§AAS AGAAATAGTT TGTACCAGGC 
1200 * „; . 

ACACAAAAGC TCCTGTAAGC CCCG7AGTTC CATCCTGGAA AGGGCCTCAG TGGGAACCAG 

1260 - • r ; „ 

GT6TGGAGAC CGGAGTGGGC AGAGAGACGG GTGgAAGCAG GTGCCCCAGA TGGTGCCGCA 

1320 "* 

GGCGTCACCG TCTGGTTTGG AGACCTTAAG GGAGT,TGTGC TTCAAACT*TC TCTCCCAGGG 

1380 ■ r , 

TCTCAGGTGG AGACTAGGGA GTTTGACCTA AAGGTCCTCC AAGGAGAGGG CAAGGTCTTG 

1440 :\y 

GAGACAGATG TGGTTTACCA .T.CTTTTAACA AAAGGCAAAT GT.CTTCTGTT CCTTCAGAAA 

1500 " " V V 

GAGTCATTAA CAtTAAAATT CTTTTCTT.CG GAGTTT£7TC TTTC^CGATG CATCTCCAGT 

1560 ' " " 'J,-.,;' 

TTTGTCCCAG ATGAAGGCGT CTTTCCCCAG GGTCAGGGTT CCATCACTTG GCCCATGAAA 
1620 

AGGACTGTTC CTGTGGGGTT GTGCCGGACC ACAAAGAGGA AGGGTCTGTC CAT GAT GAT C 
1680 

TCCTCGGGGG CCATGCGGGC TGAGACTATG ACAGCTGTGG ATGAGGAGGC CACCGTGCCA 
1740 

CTCTCGTTCA CCTCGATCTT CACTTTCf GC AGCGCCTGCG CGACGTGGAG AGGCTCTTGG 
1800 . 

TCTGAAAGAC TCGTGAAGTC AGCCTGAAAC TGTCTGAACA TGTCGGTCAT TCCCAGGTTC 
1860 

TCTAGGGGCT TCCTGAGGTC GACTTCAGTC TCCAGGGAGA ACTTGGGCAG AACCAGGAGG 
1920 

CGGGGCAGCC TGGTCATGTT GCCTTTCCAG TGGCTGATGA GCTGGGCACT CAGAATGTTG 
1980 

GTGAGGGCAG AGAGAGGCAC CTCTTTTTCA TAAGGGGCAG CAATGAACAT GCTGAGGGTG 
2040 

TCCCCGTGGT AGGGCAGTTC CAGGATGTCG TAGTAATGGC CATCGGGCGT GGTGAACTCA 
2100 

GTATAGTTGA ACTTGTTGGT CTGAGCCATC ATGGGCACAG AGACAGTGCT GCCGTCTGAT 
2160 

TTGTGGAAGA GGCGGCGGTG GGTGCTGGAG TCGGGGAAGG GAGTCTTCCA r TGGCCGTTG 
2220 
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OCX 

AAGTAGAGGG CACTCWSCAG 6ke§A§C&&~ GTCifcJCTGGT GCACGGCTCC TTTCCCAASC 
2260 

AAGTTGCTGA TCATACCT TT TGT GTGT Sf 6 TtCACCCAGT GATTGAT.GAT GftATQTGGSt 
2340 

CTCTCCACCT CT5AAAAGTC ekeffGCTTG ACCGTGCfCC GGAACAGCCT GAAGAAGTGG, 

2400 l - 0 : 

GGCATGAAGe CCTGGftGGAG g?f GAtSXtCC CGCTGGACGA AGATCGCGTC TGT^GT^TG 
24 60 

ATCTCATCCT f GTTC&tfSG G66gAT?<SAGC TCCTTGTACA GATGCGGGAG GGCGGGOGCC 
.2520 

ATGCCCTTGT CATCAATCTT GAAT CCe&tA GCtGCf TGAA TCTGCTGCTG GGTTTCTCCT 
2580 ' ■ 

CCTGTTGTCA GCTGGAGCAT GGCCAAfcXCfc GA&GCCACCC CATAGGGTGA GAAAACC*CG 
2640 

TTGCGGTCCT TGGAGGfetTG efcCCAC'CTGC <TGAAACACCC TCACCCCGAA GTCXGAGGG6 
2700 i ' 

A6GT<!?g5sCCA CGTAGGATfeG GGGATGfcTGC acaggagacc cttcagcaaa gacaagggcc 
2760 

AGGCCCAG^ C^G^CAGGT GAGGGCTGGA GACATCTGGA TCCTGAAGTT CT.CftSAGGTG 
2820 ' C5£ 

CCTTGCGATT : G&GGWO&T <T(&6£ZVr&G CGGCEGCTGC TGAGCTGCAG .GAAJTC 
2876 :£5i 

v"7AL.7^ £ «Tl AI* »x 7 7 T7 . Sl TC-S>. c £ .r 7 .VT "'. ~ ; ' 7 * 7 . - .7 7 ' "e. v * 

'J ... 

C --'■«.. TA£1 A? ~""7 : *T ;*7*i-?rA Ac".' . JZ 77"77-. Z'. C *7 7*77,.. Cv J" - 77 .* V" t 
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^ ■ - WHAT IS CLAIMED IS : , : • : - VJ Sl t \. i-cm* \ > 

1. A mutant protein of PAI-1 protein, the wild type^sequence of which 
is SEQ ID NO:3, which mutant inhibits nieu£fbphiK«}a5tase or other elastase-like 
proteinases. :z v. f ' 

5 2. A mutant protein according to d^m 1 which inhibits said elastase 

activity such that no more than about ten moles of said mutant protein is required 
T ~to inhibit f mole of said elastase' : J : ' 3 - 7 - 

3. A mutant protein according to clarni 1 ,which has at least one amino 

*• - - ■*• . *. j, 

acid substitution in the sequence frqm position 343 to 350 of SEQ ID NO:3. 

10 4. A mutant protein according to claim 3, wherein said substitution is 

(a) at position 343 ami selected froift the group consisting of Ala, Asp, 
Gly, Leu and He; " 
isuc .(ty • :: Ration 346,and seleqt^d from the ^roup consisting of Ala, Val, 

: ^ ~ " : * '*5. ^'Xratf SEQ ID 

/ - NP : ? by - a.angle 4 suhscitutio^i w of Y^-^iSf^^SR/^t^ll % substation of Ala at 
j.; positiqn.3^ 

lM "."6. A mutant proton acfcb'rdifig tb fclki^ 5/ Whereiridie amino acid 
20 ' substituting at position 343:* n ' v - - 7 < — 

(a) renders said mutant protein resistant to cleavage by elastase at sites 
G-termihal to position 343, and ; n a f 

(b) * hasaMechiiriw^ 

. .4 4 mutant proteinio said eMase to form a mutant PAI-l:elastase 
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7. A mutant protein according to claim 3 which further comprises 
between one and four of the following additfonCafflinb acid sv*stitijtions in SEQ 

', rID NQ:3; • ;>{; , • ortj>|e?ov; !• ' • " :: .. u •• . 

' f r:..(a) r.H*$^d^si*j?n 150;. . .-: ' 

5 (b) Thr at position 154; , r , f •, 

(c) Leu at position 3 19; and 

(d) lie at position J54. v " " * . 

8. A mutant protein according to claim 3 >yhich further ^mprises one 
or more of the following substitutions in SEQ ID NO:3 : 

.. ± .. .our'- ^ } ^g^o^rf333rand * * 

■ r '■ (bf ^gkt p6^bn r 335; ' n *> • * 

^ , , (c). Gly atpjpsiti<?n 331; 

(d) Leu at position 91. s'ltr.t^a > 

15 d * " ' iJ '" M 9" rij A mut^Vbl^of ?'/&iI>ro^b'the wild type sequence of which*; 
is SEQ ID NO:3, which mutant is^dhsu^fizefr By feeing resistant to inactivation% 
by the following proteinases: elastase, a pl^itlindgien activator, plasmin, throfabiri/ 

riA V. nc:^,-e. ,&t^ 

20 is SEQro^O'ti ^Cl^wlitt^ clikticteraea by Havihgftgh *ffii^ for ;.^v. 
ivs ' i^ r ?P?^ ^*li!) e oC^d^putapt proteiji to a proteinase does not 
decrease the affinity of binding of said mutant protein to vitronectin more than 
about 100-fold relative to the affinity of wild-type PAI-1 to vitronectin. 

11. A mutant protein according tQ claimt 19 which has at least one 
25 ... aminp acid sub^itutionjjlthe.sequence from position 331 to 350 of SEQ ID NO:3. 

iL,- is. >.li ••-! - i . x „i ."^>n fc:.- K,.J ; •«*"♦/ r*I/* 8 * -> . \ if i ( 0j 

s. : -l rn £^ jf/HhsBi kc^drtllhg tb clSm-JS which is has between one 

and four of the following additional amino acid^ibsfitutions in SEQ ID NO: 3: : 

(a) His at position 150; 

(b) Thr at position 154; 

3 0 (c) T -eu at position 3 1 9; and 
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(d) He at position 354. 

13. . A mutant protein according to claim : !.2 which farther comprises 
one or both of the following substitutions:? % n :r^ij"i * s . 

-(a) - Argrat position 333;,; - ; ^c:sa x>k i.v 
5 (b) Arg at position 335. 

(c) Gly at position 331; 

' ** * /'»^ .5*. ! »' »; .;r r .T. .'. ; 

(d) De at position 372; and ' " 

(e) Leu at position 91. . 

14. ; ; A mutant protein of PAMiprptein which has a higher affinity for 
1 o vitronectin than does wild-type P AI- 1 . 

,i lS.cfr;. A pharmaceutical composition useful for inhibkbg; v elastase activity 
-•■ ? : - in a subject; comprising. \ - nriq £' . r : v--.!3 ': : : v •< L*;^ 
(aj a mutant protein according to claim I; and 
(b) a pharmaceutically acceptable carrier or excipient. 

15 ^. .:... r\ r-.. :i8;; . :~A pharmaceutical cp^ 

irt a slibjefet? 'comprisingnuc \;vr::i yu. v;:cun\.',s£x: rr;s cr»r.i; .;g 
i Irfr :(aj ^ ^a mutanteprotein ;acc6nfing.to.jc!^{3;:^:« . ^vziV-o 
(b) a pharmaceutically acceptable. caM^ Or £xdpient r ; . i~s 

/: * 1 7. .: V ■ A pharmaceutical composition u$efo! for inhibiting elastase activity 
20 ■* " ; in a subject^comprising:? v : :jz £ r:i r • :ihh^ .; -J r;::^^ 
• <r: ;(a) a mutant .protein according rtb. claim,?; and. be*** 
? :a ./(b)- a pharmaceutical^ acceptable carriei: f pr^cipient;-r : ^ 

1,8 A pharmaceutical composition useful for inhibiting vitronectin- 
dependent cell attachment, migration and/or migration-induced cell proliferation in 
25 a subject, comprising 

(a) a mutant protein according to claim 10 and 

(b) a pharmaceutically acceptable carrier or excipient. 
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K * - .... . * 

1 9. A phannaceufi&al comppsition useful for inhibiting vitronectin-, 
dependent cell attachment, migration and/or migration-induced cell proliferation in 

' a subject, compniingisic o; s.rV„ n ; • ~, -r 

(a) a mutant protein-according to Iclaim H and 
5 (b) a pharmaceutically acceptable carrier, or excipient. 

20. A pharmaceutical composition usefuf for inhibiting vitronectin- 
dependent cell attachment, migration and/or migration-induced cell proliferation in 
a subject, comprising , . ^ f 

(a) a mutant protein according to claim 13; and 
16 l,i (b) IptarmaGeqtk^ 

.*'• !w -fc-!.' *3oh n '.: r.:::^^^ ' • 

21 . A method for inhibiting elastase in a subject having a disease or 

* • eoadhion aslSocikfed witte pathogenic elastase activity, comprising administering to 
said subject an effective amount of a pharmaceutical ,composkion according to 
claim 15. b - r;ui':> oj , w rrr:c fJeio-q j.t.ko t , iz) 

15 22. A method according to claim 21 wherein said disease or condition" 

syndrome, acute inflammatory lung injury, congenital : alphas rantitiypsin ^ 
deficiency, <^stic$b^\oat©fpfo^ disease, , 

arthriti^^d^HIV tefettiottUi^-v^o^ ite;a -ms sr.: r:q s .f'V 

20- g-^aa/W n A nfethod >fbr in^itingicell attachment, migration and/or ~ : 

miration-induced cell proliferation in a subject having a "disease Qr Condition, 
associated With uiidasired vitronectinrdependent cell-attachment, migration or 
migraflori':triduofed proliferation comprising administering to Said subject an 
effective amount of 

25 (a) a pharmaceutical composition comprising wild type PAI-1 protein 

*c':s 3*iib";: • . -n^ io.hn,r. :n.M ilvv . 

and a pharmaceutically acceptable earner or excipient; or 

(b) a pharmaceutical composition according to claim v l8: * 
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24. A method according to claim 23 wherein said disease or condition 
is atherosclerosis, post-balloon angioplasty vascular restenosis, neointima 
formation following vascular trauma, vascular gr^t f festenosis;;fibrosis associated 
with a chronic inflammatory condition, lung Sbr|^is/chcmotherapy-induced 

5 fibrosis, wound healing-with scarring and^fibfdsis, primary tumor growth, invasion 

■ ' ■ if *i 

or growth of a tumor metastasis, psoriasis, deep venous thrombosis, or a disease or 

. . . * ' ' - -V * 

condition in which angiogenesis is pathogenic 

♦ i ■ ? / fr , 



25. A nucleic ficid molecule, encodin^a mutant PAJ-1 protein according 
to claim 1. * v*v V S : 

.x- -v* :>-£': 

10 -26. A nucleic acid molecule accQrding;to claim 25 which is a variant of 



SEQ ID NO. l or o£a ioding 5 portion thereof. 



27. 



v A nucleic "acid molecule encoding a mutant PAI-1 protein according 
to claim JO/* a -" "\ - t /^^J \ 

;"28/ . 'A nucleic acid^mofeqile according toxlaim 27 which is a variant of 
15 SEQ^NQ: 1 or of a codirig ^onipn i^arepf:^ 

' wi* - /'^ * - • v: ; C ff * ;\ " 
; 29. A host cell transformed on transfected with a molecule according to 
claim'25,^ r "- v -; / 

* i 30: : 7 A host celh.p^ trariSfectbd with a molecule according to 

claim 27; r' ' '• J4 » ^ V - • 

2 0 31. An antibody specific for an epitope of a mutant PAI- 1? projtein of 

claim 1, which epitSpe is not present on wild-type PAI-1. 

; ' * * ** ■ 

32. An antibody specific for an epitope of a mutant PAI-1 protein of 
claim 10, which epitope is not present on wild-type PAI-1. 

■ 3 f -t 
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Active Form 

v:^:^},}':j Lla nizisdw iZ nit's c. 
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Nucleotide (SEQ ID NO:l) and Amino Acid (SEQ ID NO:2) 
Sequences of Human Plasminogen Activator Inhib itor- 1 (PAI-D 

[•Sfcno/ Peprafe in italics and Mature Protein in bold] 

GAATTCCTCCAGCTCAGCAGCCra 

1 + + * ♦ * 60 

CTTAAGGACGTCGAGTCGTCGGCGGCGGTCTCGTCC^ 

TCTGAGAACTTCAGGATGCAGATGTC£CCAGCCCTCACCTG^ 

61 + ->---«. + + 120 

AGA^CTTGAAGTCCTACGTWi^ 

V I .M &M^S P A^L TCLVL GLA - 

| Signal ;Pep tide <4 * 
CTTGTCTTTGGTGAAGOCTCTC 

121 * - T ^?C;v$.-+ «. -r— .- + 180 

gaacagaaaccacttcc£a^c^cacg^ 

l v f g e a? s ]v*jt- h v p r .s V yv V h l a 12 

;\ ; .4 r. Star,t HatiSra Protain 7 ^ Wtv ^ 
TCAGACTTCGGdGTGAOQGTGTT^ 



X81 - -..4.^-;- - -j- - -V-.n-*-- v- -♦>- -V-*- - - - -+ 240 

AGTCTGA^fcCCCfcCT&C^^ 
aa S D 1$ G V^K V. F^Q Q V **"jgj n A S K D R/H V 32 

* ^GTTTTCTCACCCTAT^^ 
241 !i-----TV-*4^n^ + 300 

c^AAAAGAaijs^TiccGa^ 

aa V~ r' &V*'*Y vO^ tf^j^v'^X ?A ; ^liHL Q4 I. T T G O 52 

GAA^COUK^CAGATTO^ 
301 p + • « ,.C ^:Jj- . - - - + 360 

CTTTCG^ 

aa \ I Q ^ Q'%#M*$*^^* X b* '0 lC loMl A 72 

+ + 420 

AC&&C^CGCGAT*r^ 

421 --- : ^.tr-^;4^-^V : r-%r^-f*.H r ----+ *r 480 

TGGT^CTtX^CJSlGAJW^^ 

T D A I^V V Q^R D ^x/K L V Q G* F <* # H* 112 

rrCTTOUSGCTGTTCCQG^ 

481 +--\-«TV-+^S'-'-^-+-f-- * + 540 

AAGAAGTCCGACAAQGCCTCdTX^CA ^ TT ^ 

F F R L F R^S^W'k V^D F S R V 8 R A 132 

AGATTCATCATCAATGACTGGGTCAA^ 

5 41 + + * - + + --* + 600 

TCTAAGTAGTAGTTACTGACCCACTTCTGTGTCrnnTTTCCATA 

R F 1 I H D W V VT **r* K OK I S H L L 152 

Fig. 3 (sheet 1/4) 
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GGGAAAGGAGCCGTGGACCAGCTGACACGGCTGGTGCTGGTGAATGCC C TC 

601 V- -> - - V - - *^>>>>*3>3-3»A%. ^>I<r^>>> ^>T^->>>^> - ♦ €60 

- CCCTTlHXTCGGCACCTGSTGGJttrTCTC 

GGCCACTGGAAGACTCCCT^ 

66-1* - - — - - "~ - * - -> .vttwt-y-'-a' -> - - *- --ft + 72 0 

' " CCGGTCACCTTCTGAGGGAAGGGGCTGAGGTCGT^ 

- a q w"-*- t "^p 9 sr: ff:^ , :r:K::u. .i;y h k s 192 

: GACGGCXGCACTGTCrCTGTGCCCATGATGGCT^ 

72-1 + + .-^h. ♦ a* 7J80 

CTGCttnrGTGAC*GAGACACGGGTACT^ 

DGSTVSVPKMA QTNKFNYTB212 

• - s - - -> • . ~ - . , — . " rt^VwA. < » ,\ .-..« . . . ;, c . . . s 

TTCACCACSCCCGATGGCCArTACTACGACATCC^ * ; 

781 ^ :.-o-V wCC- -;.---+ 840 

AAGT6GTGCGGGCTACCGGTAATGATGCTGTAGGACCTTGACGGGATGGTC 

* 3r - T "1? :4T/*/0 AH Y Y- D S^V'Jb C FY E G : T 232 



CTCAGCATSTTa^ 

841 * *- + +- -* + 900 

. -'dAGTCCrTACAAGTAACGACGGGGAATAC^ 

- L S -A -X F- Y-B-K- 5 V P * L S - A- L--E- H„i252 

ATTCTGAGTGCCCAGCTCATCAGCCACTGGA 

961" - - - -\v-,-T«v-.-.- - ~ -2+ »'->*.-- - -> - v- t - - -> ~- -+ 9^0 

. TAAGAOTOACGGGTCGAGTAGTCGGTGAOCTTTCCGTTCTACra H - 

r/-- s. ~a..~ a.:tTi^'s::i: o ~h 272 

- v CTQnTCTGCCCAAGTTCTeCCTC^^ 

\ 961- — + — — 1020 

' v ~ .GJ^OUGACGGGXTC^y^AC^^ 

LVLPKF8LSTKVDLRKPLEN 292 

" * * CTGGGAATGAOCGACATGTTOIGAOAGTITG^ ■ : 

1021'~-^-->-^-V£^^ 1080 
GACCCTTACTGGCTGTACAAGTCTGTCA^^ 

: : * * " ■* ' * * ■ 

r GA<^CTCTCCACCrKX?CGCAGGCGCT<K7\G^ 

1081 ♦ ^ + 1140 

.« :CTCGGAGAGG^aC^CGTCCOCGACGTCTl^^ 

K P L H V -A Q -A —L - Q -I B -V—H -B — S- 01^332 

ACGGTGGCCTCCTCATCCACAGCTGTCATAGTCTCAGCCCGCATGGC 

1141 -T- - +V- — - - -It.-J - - - « « i « « + . - « «V« 1200 

-TGCCAGCGGAGGAGTAGGTGTCGACAGTATCAGAGT^ 

ct./;v^a :.S vs: fi ".?.:-a :.v i v;v s;:a« r ta \m? s b :i 352 

' /ATCATGGACAGACrCTTCCrC-r^^ 
12C1 ^^.4.-- -4. * + -+ 1260 

tagtacctgtctgggaaCtGagaaagaccaggccgtgttggggtgtcct^ 
imdrpplfv vrhnptgtvlf 372 



(4-V3gs^(ilft^i2/4) 
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1261 ^V^VrV^^^x^iw^j-r+T.-i ^*r?r*- - * -*'-'V i - - + m--^-* 1320 

: TACCCGGTTCACTACCTTCGG&CTSGGAC^ 
aa HOQVMBP*379 

. c:* GAGftTOCATCGGGftAAGftftGAAACTCCGAAGAAAAGAAr^^ 

. 1321 r -:-*v-r- £v>7K&area?'->>~ - - - *■ - ♦ 13 bo 

' CTCTAGGTAGCC CTTTCTTCTTTG A ^^ * 

i 'SGAAGGAAGSGAAGACAraroCC^^ 

H * K1440 

nr: s ? ? v. * tl ■ !. ? p a x " * i. r c 

1441 * ; - - -. -:-^-r>>^->>>> ->~xvv- - +- - - -:- .-s^- - _ - «^ . - + 1500 

» . !*CT'.. ^.**» TVv i- -j^ - J* T T L Cv*« — J; r „ : . - 1 v . . . 

M ,GGGAGAGAAGTTTGAAGCACAACTCCOT 6* 

1501 ♦ + + + ♦ ♦ 1560 

- 4-CCCTCTCTTCAAACTTCGTGTTGAGGG^ 

f * I ♦ • - - ■ . - . . - . - . ... t ...„.•.. , : 

. raSGACCATCTOGQOCACC ^ CT^ ^ 

3,561 %r-->- >— V— ^— >--»+4fr- 1620 

CCIGGTAGACCCCGTGGACGAAGGTGGGCAGAGAGAC^ 

- i J * - -TT»eACPGAGGCO<?IOT^ 

i€2-i— - - - - I -.*-v--v*^'- -*r- s**vjr-<-- ♦ 1680 

■ S*I w^uuRKTfGACTCCGGGA^^ 

C 16 B* ----- ---- — p- + - ■ — — — — - — .-+*»^~ -if £ 74 0 

^ -^CCATCTTTGATAAA6AC3U03^ 

% * * % % j a v m j z s j 2 1 ;i j: v j t.a 

GAGGAGGCTGGTGACAGGCCAAAGGCCAGTGGAAGAAACACCCTTTCATCT 
174£"»- -VV-^-^V- «.-VS^tC^ w*^^ r^-<*:-vtr - - - + 1800 

ilE '.>CTSTG<3CAClXK^CJrcCCCTrcCGAGTACJK5 

1801 + + + + + 1860 

37 CC&CACCGTGACCGGTGGGGAGGGGT*^ 

Z ZZ GCCATCATGTGGCCCAACTCTCCTGGCCTGGCCATCTCCCTCCCCAGAAACAGTCT 

11861* + 1920 

GGGTAGTACACCGGGTTGAGAGGACCGGACCGGTAGAGGGAGGGCT 

IT T VL O A 777^37 l^iT -v/~ r- ju Z V * r^.r/TA 7 *»i^.*A. «. • . !3. «-*s s » , *% 

CCr ; : - - GGGTTATTTTGGAGTGTAGGTGACTTGTTTACTG^ 

1921". i ???«r -f ?*«sf .?>;r.Ttr* - -Ar f :-"->'-r ->-.^-^-l — ♦ 1980 

v c£ CCOUCTAAAACCTCACATCCACTGAACAAATGAGTAACTTC 

ATTTTTATAGGAATAfiaGGAAGAAATGTCAGATGCGTO 

6? 1981 +- - + * ---f 12040 

" ' TAAAAATATCCTTATCTCC TTCTTrACAGTCTACGCACGGGTCGAGAAGTGGGGGGTTAG 

. x >z \ t - « ; n z v v ^ c ? 9 x c }-;. : ' 



vFig.6(sh€^3y4) 
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TCTIWnwaBGJU8«WTO - 

8041 + + ♦ 2100 

AGAACCACCCCTCCCCACATGGATTTATAAATAGTATAGGAACGGGAACTCaCGAACAAT 

GAGAGAAAGAGAACTACTAACMAAAATAATA^^ 

' 1B1 - * * - — * ♦ 2160 

CTCTCTTTCTCTTGATGATTCCTTTTATTATAATAAATTTGA6CGAGGATCAQVAAGAAA 

~'\ ... GTGGTCTOTCTCACCGfATCTCAGGAAGTCOUK^ 

tltt" + «, + 222Q 

CACCAGACACAGTGGCATAGAGTCCTrCAQGTCGGTGAAC^^ 

' ACATCCMCGtGACGGAdCCa - ■ 

221 — — — — — -....„..«, + 2280 

TGTAGGTeGCACTGCCTCGGCT^ 

! . • » s - • | 

J.rCCGCGGGpCCCGCGCCCCTCrm^CCCCITGA . . 

281 -V -V:~--l---V---~---.+---. ^40 

GGCGCGGGGGGCGCGGGGAGAAAAAGGGGAACTACCTTTAACTGGT^ 



CCTTOUpGGATCAAAAG<^CGGAGTG« 

-2341 . j 211" ; - i - - - - * Ti. . + 2400" / 

gGAAGTCCCCTAGll-rrL^lX^CTCACCCCCCTGlCTCT^ 

TTCXAATGTGTTCAATAGATCT^^ 

AAGGTTACACAAGTTATCTAJUTCCTCGTCTTT 



jr - - 



CAGAACTTTCCCCAATTACAGGGTGACTCACAGCCG 
• GTCT'TGAAACGGGTTi^TGTCCGACrc 
" L CATTTCCGlGCTGCTGTGTGTGAGCAGTG^ 

2521 ♦ + + mww 

2581 



GGC^rac^^^C^COT 

— - + + + 2640 

CCGTCGAGCCTAAGTTGATGGAATCTATTATAAAGACTTTTGGATG^ 

GGCACAAAGATGGATGTAATGCACTTTGGGAGGCCAAa^^ 

2641 * +-——.-+ + + + 2700 

CCGTGTTTCTACCTACATTACGTGAAACCCTCCGGTTCCTC 

>; ... .:e;:-i.-;r. * r fv^~ cu-j &.'ifcri;. vT 

GGAGTTCW^CCMCCTGGGCAACATACaiAG^ 

2701 siiirriiL!ii"~"^ 

CCTCAAGTTCTGGTCGGACCCGTTGTATGGiTCTGGOT ' 

TTPTAAATATACTTAAATATATATTTCTAto 

2761 ^-••-••VW-^r-^-^r--^, --t 2&2D"> 

AAAATTTATATGAATTTATATATAAAGATCATAGAAATT^ 



ACCAATTTATGGGAGAATTGCACACAGATGTGAAATGAATC 
TGGTTAAATACCCTCTTAACGTCTGTCT^^ 

Fig. 3 (sheet 4/4) 
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AmiiKlAPiASsawsCfifirf Human,Pla§miripgen Activator Inhibitor- 1 

r ; r. y : r^i^u^S|gR?l Peptide^.shown in tfafcs) 

- • ^ . ... ...,*.«. - — ------- . . ~ . - • - .* V 

• * r; . -.. c^.rr:v, rac?- . ; - •• - slgdal peptide 

* '_\4<H ..• r.^Q... .50- ..: * " 60 

I I I I I I 

VHHP PS YVAHLASDFGVRVF^ QVAQASKDRNWFS P YGVftS VLftMLQiiTTGGETQQQI QA 



70 :z.:r.Qjpi^'..<iZf^^ i i-ffo 110 "t" 120 

I J : I J. -I I 



:j;..xr ^ 0 ;,xt^^ 170^' 180. 

roc-; -I? .-5-'~r.A?T/ I. :•- ■.id':* U rr , -r.«J v.- J- I 

VKQVCFSEVEPJVRFIINDWVKTHTKGMISNLLGKGAVDQLTMiVLVNALYFNGQW^ 

190 200 210 220 230 240 

DSSTHKRLFHKSIXSSTVSVPMMAQTNKF^^ 

250 .v- -26X). „,„ B ~.,.270 ,__„2BQ- ... r — ' -290 „ 300 

■ ...L-~ - J- I .-.1 „•» ; I 



QFQADFfSLSDQfpfSvS^ 

************l**J****** 

_,. 5£ ..3.7.Q ♦ -• ,_.:..P4..JM 

'Z * I." " b »^TC " OTT-CT AC^Tu'- '.V^^ 7ATT A. T ^ 1 cl» T *" .-V- 
WRHNPTGTVLFMGQVMEP 

The Reactive Center Loop (RCL) region is marked by asterisks. 

Pl^46Tvm P4 (343); the;prefB^;site0pr;sT^tituti highlighted. 
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si, 1995, EMBO J., 14(13): 2969-2977 are obvious over group 1. There is no nccccsaary technical feature linkage _ 
between a protein, and an antibody. Therefore, the invention of claims 1-32 do not fulfill the requirement for unity of_ 
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